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s ■ FOREWORD 

' ■ ' ' I . ■ ■ 

• Assessnient is» i i\feV-force beaming on the behavior of the 
.teacher, along with old faxiliar forces- such as textbook' 
■series, cpllege coxirses, and/supervisors . ' Whether assessment 
will be a potent force or a weak force remains- to be seen. 
Tn^re is concern whether assessment will be a posi-^ive or 
r.egativex force. If it proves to be a Dofcent and oositive 
: force, it will not be due to the threat thafis inherfent (in ^' 
any eraluati^on* of our'vrork, .PresWe to improv^ cannot . 

^ nave a' positive effeit unless accompanied by direction and 
guiaanoe. 

me posture of nany teachers. r^ard:^ng. assessment has been 
defensive. They -feel unjustly blaijied for apparent defieien- 
- cies irj -their pupils. Teacher trainers, supervisors, and * 
' state officials are little threatened, feeling that thejr 
*'do tneir best" /'and it is really up tq the teacher to in- 
terpret/ or implement, to bring the 'collective wisdom to 
-bear 'on the ^hi'id.. It is pur hope .'that .-all of these who 



shape classroom^ instruction will^study assessment results ; 
and ask^ themselves whether their "piece of the action" might 
be changed in some way with ah eye to improving the* results. 



Th^ report suggests some areas in which guidance in needed. 
All those who*»play a significant role in shaping the teacher's 
ultimate performance should ponder the suggestion that- • ' 

children need to manipulate concrete materials and draw 
diagrams as they study arithmetic. .Why, after at least 4o 
years of talk about the. need for concrete activity do we 
find this suggestion necessary? Why is there stfch apparent 
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v-ieeKT.ess regarding pslaje value ar.a ^roucin^? yeasuren:er.t ' 
is a relatively uncorxlicat^ec tropic, vvny is i;^ 'shov;ing up 
as a vea> areaj • * ' - ' 

It is nor ericugn, nor ie it fair, to ask tnese qu'estions only 
of the^-^iassroor. teacher, * Tne teacher trainer "should I004 
au his role, th^ author at ni-s elementary textbooks, the 
supervisor at his^in-service training progra.^. ♦ • 



Cur fa-T*iliar standardized n^r^^ative tests gave us a badly 



blurred viev: of what chi'ldren wei;^ learning, we have- a 
sanev;nat cleareif' viev; through an assess=:nent instrument based 
on.scecified objectives • It is hotted tha^ this reoort.wili 
fee but one dooirr-ent in a new sort -of dialogue in r.atheniatics 
educatior^^^^^^^j^^ dialogue *based on vThat children cam do, as - . 
r.easured ' against specif lip' things we want the:?, to be able to do. 



Williar. Swart^ 
yjZTA President 
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INT-ROD-JCTia:; 



ihe Mic.oigaft EdueationalXAssess.'nent i^rogram (MEi¥?) began in 
tne fa^l "of 196?. . ::crn-:-r^er€nced tests in mathematics and 
reaaidg were' administeVed each^ January in the years 197cll.Q73 
tc-n'eariy all public school fourth, and Seventh graders in/ 
.vichig^^,. rroir;ic7i through 1973, minimal oerform'ance ^ 
oo^ectiveg ;.ere developed and adopted by the State Board of 
E:iucation in' reading and mathematics Objective-referenced' 
tests were gi^^n in the fall, of 1973 'to replace the orevious 
-tesr:.ng. 'The results of the assessment can benefit those 
•interested in mathematics education at various i-e^i s - AH 
teachers of mathem.atics- .can benefit by utilizing lE^ and' 
state-v;ide results in their efforts to 'be more diagnVtic in 
their instruction. . ^ 

This monograph is concered with^^e 1973*results for the 
matr.ematics objectives on the^Grade h and Grade V tests, 
major, pi^pose is to make int^rtretative remark^ a^out the 
perfonnan^e levels for each objective test^id and\o make 
relevant teaching and curriculum suggestions. 

•This KK^nograph will be of use to those engaged in locarx in- 
. terpretation or staff development. Local Driorit|es and 
expectations should be. considered along with this^r^eport in 
making an evaluation of a district*' s resu-T^fe'. 



Its 




ic tJ^V J "--^o-H-^^ii, j-i-o. R nexprui comDahicn bookie 
IS An introduction To The Minimum ?erf or mano.p' ^ i^^ti^^s F 

• Michigaii touncii of Teachers of Nltt hematics ' 
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PRESENTATION OF DATA 



♦ The .vrriters of .this monograph used several resources in 
arriving \t their coijcli^sion? . TFT&se included the recomen- 

1 

•datrons made at zhe MCTM/MEAP- Conference, April' 8-9. I974 
and a critical reading of , their worK by s^ref^rence group of 
heading j;ath&natics e^ucatx)rs in the state. Prfcfessional ./ 

, experience and judgement, statewide percent of attainment for 
e^ch objective, and foil analysis .data (Pei'cent choosing each • 
crioice ror each test item) were major ingredients in forming 
the 'interpretation's . - , ' ^ . 

In the fail of 1973 testing, 35 of the ^objectives classified 
as T*ini:::i!al v;ere assessed in Grade 4 arid 45 were assessed in 
Grade 7^ Five multible-chjDice test items were used for each 
objective. To be recorded as Attaining an objective, a 
student must h^ve V^sponded correctly to 4 'or $ of the teg* 
. items on that objective. The percents of students who ut tain ed 
y each objective are summarized in Tables 1 and 2. On. the left 
column are the content areas. At the top are i^anges of 
percents ^of /students attaj?ning the objectives. The numbers 
inside the tables identify 'the objective. In Section III, 
each objective is described in fu^Tl amd the actual percent 
attaining the objective is reported. 

By a minimal objective, the writers of this monograph mesm ait 
objective which nearly all Michigan students taxx and should /aster 
Some of the reasor^.why a particular objective should be mastered 
are: ' (1) it contributes to developing literate citizens, 
iZ) it is necessary tot future employment, (3) and it i.w a. 
prerequisite for subsequent learning in mathematics'. / t\. 
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The actual percent of students ^acceptable a^ representing, 
."nearly 4ll" of^the tested st;uden.ts' is an .elusiy.e* figure. 
The v:riters consider 65'^ as "an acceptable le^el. One would 
like to think trlat ICC^l'of the students shJild attain an . , ; 
objective if it is truly mininfal. Testing ^conditions and 
other factors malce s\ich an expectation not reasonable. 

■ ■ ■ - • ' n " . ^ '■ ■ ^' 

' / — ^ . TABLE 1 ' ■' / " ■ '-V' < 

V ■■• - ' FOURTH GR'ADE* TEST • *■ 

\ ■- ... ' i ■ 

PKP.CEKT CF STUDE!\T?S ATTAINING EACH OBJECTIVE•^ 



TOPIC 
i • ( ' 


• 85-100^ 


70-84. 


« 55-69 


- 40-54. 


•0-59 


Pre-Numbef 


1* 2 ^ 5 


^ ' ' 








Nujneratp.on 


9 10 14 


6 11 12 


b- 

7 8.17 


'c 
.21^ 








,\ 15 15 16 


■ 20 






r 


22, • 










Addition 








s 


I Subtraction 


23 25 27 


28 


, 24 26 


L 




^'ractiohs 








I- 


• ' 29-^ 


Measurement : 








* 


r 


' Linear 




50 




. • ' 
• 




Tijn$ 

' Money 

-Temperature 
• 


51 


5^ ' 

t 

55' • • 








Geometary 




54. ' 


<- \ 
J 




• 


Algebra 


• 











*These»niunbe](^s are the obj^cti;jfe Identification hninbers 
\ for testing purp'oses. ^See Section III for full de- 
.scription\ ' * ^ 

b. and c refer to spaftlal designations described on page 
5* Objective numbeTs -without designating letters are 
/judged t0 be i'n category ai.' 



TABLE 2 

^^ • . GRADE TEST 

PERCENT OF STUDENTS ATTAIiaKG EACH OBJECTI\^ 



TOPIC ' ^ ^ 


100 




55-69 


—n. 


r 


Numeration- 


2 


'1 . 






• 




Aaultion 


3 ^ 










• 
















Mult "5 icati nn 


7 ft ' 


f5 Q 


• 








Division 

* 


lb* 


■ 11^ 12 


15 








Fractions :\ 








• ^ 


> 




- ' , Meaning 




15 


■ 14* 








Addition 




« 


17 


18 ' 






, Subtraction 






1^ 




20 

• 




Multiplicati 


.on ^ ^ 


•21 










Decimals : 


* 




• 








Meaning 




22 










• Add/Subt 




24 ■ 






• 


25 26 


'Ratio 




• • 


• 








Measurement : 








• 


• 




Linear 










28 














29 




V 

Volume 














Time 




•« 


51 


52-- 






Money 




53 


■ 54 




55 




Temperature 




•56 








« 

( 


Geometry 




^ 59 ^ 


^ 57. 




58 




/^Igebra 


42 ' ■ _ 


40 44 










\ Graphing 




• * 
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1 





The interpretation categories used .by the writjers. we;'e • 
modlfi^ed' from th^se ^iVen by Womer in a memo on "the assess- 
fcent* resul»ts. Tb6 categories ami th^ir designation in Tabled 
.1 and 2 are as '^follows: . ' * . * 

a. MiniraaiL and appropriate . The obje'ctive -is judge(^ to 
. be minimal and the test items appear to be app^of-riate . 

'If the level of attainment is not at or above 85^^ It 
may' be due to inappropriate'lnstructional jnaterials of 
lac> !>f proper e.T.phasis in years prior to the' test y?ar. 
•Objectives in this category are unlabeled in the tables: 
• •D. Poor test Items . The objective is judged to be minimal 
but^ the item(5) have test construction flaws^which 
probably contributed to the low- level^of^ attainment . 
Also^ an item, may not have been a valid measure of an 
objective. * ' / ^ ' * » ' 

c, . Inappropriate . The writers feel that the objective, 
as currently written, is not a minimal objective. ' • 

Ill . . . 

, ' RES-b'LTS, REMARKS AND SUGGES.TIONS 

V " • . \ ■ 

The results of the Grade and Grade 7 test are. reported in the 
following* -pages. The ob j.ectives, ^i^s grouped in'sectionb 
according to content. A three-column format allows results, ' 
remarks ,t and ^^eachitig suggestions to be viewed as corivenien;tly . 
*as possible.. The* ^atewide ^result and the objective description 
,ai:e localfed In-Jthe lefthand columnr The'remarks conqerning the 
level of performance are in the middlex column and. are aligned- 
with each ojDjective.* Teaching ^d cnrriculufti suggestions are • 
in-the righthand column. Th*ese suggestionf^are made fbr the 
entire content section and are not- aiigned witfi. each objective. 



•\j'Qmer, fVank 3.>^ ^'}\a,lf A Loaf -An Evaluation of. the 1973 MEAP 

Results^', A mimeogra^phed paper, the University of Michigan 
; fiureau' of ^ School Sei^vices, School of ^Education, S*. 
• Fourth Streelb, Ann Arbor, Michigan '48103. • 



EXgUNATION OF MATERIAL GRtlN IN THE -OBJECTIVE 
Aim RESULTS COLUl/jT 



1. AR-I-A-6 (Grade h)- Q^^ ' 

(e) -> Indicate Objects Th^lJ Are Same Size 

(f) > > : terns 96-100 



^ Given 'a set of objects^ the learner will recognize 

objects that are ^^he same size.^^ - ' - ^ ^ ^ 

The cbjectiye identity nupber assigned for this* test. 

b. The objectives full code- number 'as it apt>esjps in MPOMEM. 

c. The objective is to be. mastered by the ehd-of Oracle 3. 
' and tested at the beginning of ^ Grade 4. 

d. "Eighty-fiVe percent^ of all students tested got either - 
^ or 5 outw of 5 tfest items* cdrrect for this objective: 

.See APPENDIX A to s.ge the'percents for zero col'.|:ectj 
1 correct, . 2 correct^ 3 correct, h correct, and 5" * ■". ' 
cprrect. , . 

e. The short titrle for the objective as ^iven- on the,MEAP 
* "ciata reoorts," • % - * 

f. .The item Qumberif.g for the five 'test items-. 

_g. The description, of the, 6b jec live being tasted.^ 
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Several of the minimal pferfbmjanc.e objectives were rewritten 
^ by t'he 'MEAP staffs into a form more appropriate for paper and 
'pencil tes'ting^in a group administered njj^ltiple choice -forinat • 
This revise'd version is given in Section III. The reader . 
should review the wordingxof the original objectives *in • 
Minimal ?ei*formance Cb^^^Jglves For Mathematics Education In 
Michigan ^(MPOMEM) . 5"^ \ 

'^e writer^ recognize the difficulties , inherent in group 
administered multi]^le choice tests. \^e hope that teachers 
will continue to use concrete objects tor both Instruction . \ 
and^individual assessment ^ We further u?:ge that MEAP not' alter 
any '^o)) jectives from theN^oncrete to the picture-ideritification 
format when .such an alt&r^ion changes the nature of the skill 
or conept involved. ^ ' * . * ' 

" ^ • 13 



z 
g 

H 

</> 

UJ 

O 
O 

D 

3- 

D 
O 

z 
< 

z 

I 
o 
<^ 

UJ 



> t/i 
% • 

D 

m 

cc 

H 
H 

< 

Z 

'o 
I- 

■6 



o 
1 

cc 

UJ 
CO 



z 

ULI 

CC 
0. 



CO 

cc 
< 
S 

UJ 
CC 



1) 



"*t 

X »5 



E 



o 



o 



IS 



w 1> 



."Z 



C 

"3 ~ 

g § e 

3>.J 



> 

C3 



c 

o 
o 



3 

o 



O C 
•C u CI.; 



C 



o '= 2 



« 5 2 ^ ^ S , 
= E 



C/3 ^ 

. .si I 



2 § c 

P 00 — 

- c 2 

o 

--^ J! "= 
i ° 

«■= 



V 



c > 



o 








£0 












V5 




r 








lent 4> 




St IK 


M 



2i 175 2> 



O 




— I- ,s- 
S o c 
in •> ^ 

« c 
o = 

- ^ i5 E 

- -2 1 ° s 

in IF, > <^ 



to 



4rt 

c 
E 



> 



C3 

E 



i 



O 

c 

BO ^ 

1 S 



o 
E o 

i g 

CO C 



CO 
H 

CO 

cc 



UJ 

> 

o 

.UJ 

2 
o 



ERIC 



E 

<:^' 
- o 

J, 

• C 
} 



li 19© 



» ^ 4^ 

It 
pi 

d <^ 6 
OH?? 



•5 7 

SI o 



< 

CO 



o 

- a. 
a 

55 
^ '5 

•o c 
c E 

00 

1 

ill 

s ^ 



So!: 



1?; o 



5 

c - 
c 

D c 
> rt 



O 

o 
o 



C/5 
O 

o , 

O ' 



3 

o 



< 



3 o 

JZ o 




T ~ 



14- 



z 
o 

H 

CO 

2 

D 
Z 
< 

o 
z 

O 

GC 
O 
I 

z 
o 

< 

a 

< 

o 

oc 

UJ 

D 
Z 
ui 
(C 



CO 

Z 

o 

p 

<0 

D 

CO 

. D 
D 

a 

E 

cc 

O 

ZM 
< 

I'Z 

I 



« O "5? 

£ > 3 

1 i2 



.53 2 



2^ V 

2- ^ c * 

= g : i ^ 



CO 

GC 
< 
S 

UJ 

OC 



It 




S i 2 



w O ^ 

C ;r 



5 5 c = -2 



, - 
5 >^ ^ 5 



. — 5 i£ — w 




• r: ,r = r; i p > ^ 3i ^ - ^ ?f 



■3 ;i o 



>, jii >^ r X «5 



C ^ >^ (2 

crt ^ >, — 
^ c -HL 

4e C " ,w »- 



u o .i: 



b - V- 3 S E 

p S o - S 



^ -"u- 



m» ^ »\ ^ ^ 

^ w C 

C ^ t> 

'77 -> V? h 

»^ cr rs '-^ 



Co;; 
-> -J V 



^ ^ 
s: o - 

• — i: - - o w ^ = 

w C > ;i -> ^S*-^ ^ ^ 



^ 1 ? >^ 

f i > 

3i - 

^ ^ ^ -c 

V ^ I- 

- > 3i r? 



^ — 

5 ^ 
>. = 

■2 ° 

'I i 

"5 3i 



— > 



— w >v 

::z 8 

O «: 

C > £ 

C -v: o 
C o i) 

^ - o 



^ ^ C. '— 

.2 * ^ h r 



il - S 

l> o = I- 

> — C 

=3 — 



"2 H 

1 1 "5 

^ ^ 

= -3 S 



o ° 
■2 g 



— r *i . 2^ r" 



^ 3 E 



— - 



P i> = 
> !:= -o i> 



us — 



E 2 



p^^'t>JC — = o 



;> > 

o c 
-> " 

IS 

o ss 



3> 
H 

oc -J S2 . 

c »- = 
£ 5 t 

g 2 4 

o ^ o 

- X - 



c 

o c 



- o 



• . I 



£0 O 

^ c 

S.2 



8 



CO 
H 

D 

CO 
UJ 
GC 



UJ 

> 

P 
a 

UJ 

2 



ERIC 



3 

2 = 

n 2 



— w O 

. O >£> 



o t: 



C3 



S 

-a 

c r 

S3 



O i2 
Uj o 
O « 

it 

> g 

M 



C — 

crt O 

> t> 



^ ^ o 
a. > 

S 2 = 

O U ^ 

= ^ 2 
.s w 

.E - 

« W w 

8 ' o i> 



CU < 

I- 

00 



* o 



l> o 

155 



^ SO 

, 60 — 

<|i 



o 5 =i 

o „^ 

§^.2 

' — t/5 Cft , 

o g 

c .E o 

> C t> 



o t: 

°i| 

rii 

u-t (/) 

w ^ 

C w o 

« o ^ o 

« tr 



< 

00 



00 



C 

o 



22 

c^ 1 
w o 



o 



- e 

i/i 

— >J 



^ O 5£ • 



O 5£ J 



•a 

< 

00 



O 



a 

2 

2 
< 

flC- 
lU 
CQ 

S 
D 
2 

I 

2 
O 

H 
< 

UJ 

S . 

D 

2 



CO 

2 
O 

H 
CO 

111 
a 

C9 
D 

CO, 

S 
D 

D 

a 
E 

GC 

o 

2 
< 

a 

2 

X 
O 

< 

UJ 



co 

< 

UJ 

GC 



if 

c £ 

.Si A : 

o 2 S 

S ^ £ 
o o s 

c ^ o 
8 2 5 

^ 2 

^ "2 "5 

t: a 

:« w5 

> b o 



c 

•af £ 

w M P 

o 5 § 

= -3.2 
S5 5 - 



I ^ 

U 2 

o 55 

S 5? 



si o 

O crt 
tfl to 

^ 1 
? 2 

O 



i I -2 1 z 

= — i> o o • 

•r y 2 a, 

•2 » 2 g 

S ^ 5 

J E 3 

5 i> ^ 



c ^ o 

Si ^ 
■5 c « 

> ; 

s e 

i5 £ o 



£ ^ 

CO 

5 C J> ^ 



73 .2? 




2 ^ P ^ 



o 
£ 

c 
o 



CO «^ 

2 

13 p 



S CO 



= O O 'w> 



> 



-o* t; 



3 
o 

T5 



S o 
3* 3 

^ O O 

— C3 ££> 



o 

GO 

-3 O 

E S 
o 

w C3 



^ u i2 § ^ 

^ o . 5 -2 S 

^ 2 £ 

J5 CO J3 -a j:: 

< j? ^ .t: c c • - 

^ e - = i ? 

S -2 2 J - ^ g 

c 2 o .tr" 5 a H 
*r: to -3 



O 



E 2 



a 

CO 



3 



5 



5 -co I 

•5 2 < 2 

I g - e 

o _r ? S .2 



CO =5 u« 

' O 



Si ^ o 

■1 s> 

8 £ 
0 



in 



•5 g 
-.0 .5 



£ 



a " <^ 

o - E -3 £• 5 

C CO 3 ^ = O 

.5 C 5 C 3 J- 

^ cr o c 05 



e 



00 



5? = 



C C3 « trt iJ C 

9 o 8 ° 

in #^ _^ 



S o 



^ -3 c 



5 « > 2 

« .E CO 



C3 C O 



•5 E 
3 

3- C 



C* « O O O s 

S « o 



00^ 



" C3 *x V 



O eft — — 



3 .5 'r: c: '5 w 



:5 8 



^ 3 



8 5 

= ■§ 

H E 



2 o 

> g o 
EG 
Bow 
t- JD 
c;. o 5 



55 .S 
c 

O o 

— CO 

o e o 



— U CO u O 

•a 



U 3 

8 = 



2*S 

^ Ui 

O O 



o u w 



c3 c: ■ 



.52 3 



8 o 



— a 

c3 E 
5 S 



O g H 
p E S 

CO o 

IE i 

.r Or :z 



2 o 

O o 

£ o 
o 



8 

CO C3 

- 5 



c 
E 

o 
> 



^? tl ^ o 



•1 1 1 



o &0 

o ^ n 



o 
'B 
o 
o. 



5 < 



CO 

«J 
D 

CO 

GC 



O 
UJ 

2 



ERIC 



5^ 
00 



CO 3 
7 w J5 

< i 1 

vd 6 :S 



i2. a 

O CO 

o o 

c ? 



T3 



IP i 

«C w CO 

ill 



CO 



3 



3 

^ C 



E 3 
2 3*0 

5) c & 



< 

00 



£ 
3 

c 

CO CO , 

7 w<-^ 



t9 



^ o 



•a 



2: o "3 "^5 

.3 5 
o -z: 

CO 



O 55 ^ 
- >. O 

S -a 



0) 



< o E 



2^ 
« I. 

f E E 
£ 



2 : 



< 

CO 



16 



o 

2 
O 



3 
z 



o 



C 

a 
o 

Ui 

a 
< 



00 ^ 
so w 
O 



0^ N-' 



c 

8 



6W 

to o o 
^ « o 

73 C 2 O 

:2 E 8^-2 



< 

06 



o 
c 

16 



-I- 



3. 
C 

o 

" f-I ^ 



w O 

c 2 o x> 



S.-^ iii 3 



•to 
z 
o 

p' 

CO 
UJ 

a 

CO 

s- 

O 

£ 

3 
O 

D 
< 

a 
z 

X 

UJ 



O O 



^ 3 



c 

CO o 



^ o 

8| 

^ o 
2 E 



55 ^ w 
O t> 

^ "2 ^ 



C3 
3 



c 

o 
o 

p 



S 5 . 

0 O ^ 

1 « ^ 
= I § 

S 2 d 

CO V 

13^ = 



CO 



C 
3 



Is 

o ■ 



3 ^ O 



^ E 2 E 5 
S2 £J 3 • 



GO 

c s 



O o ^ "2 



CO 

u 

CO 



g e 



S 2 

3 CU 

w :2 



of: 



to 55 



« S 
■Sr. 

E « 

si 

-S ^ 
^ E 

• -id X 



8 



u 



c o 

I ^ 
C I. 



I ... § 



-1^ 

5 o 



c 

3 



C3 
3 

•o. 

c 

• > 

C3 



■ £2 



a 



.2 2 E d 



= 8 s 



C3 ^ 
t « 

C o 

C 

o 

e 

E 

3 
C 



•o 



§ ^ « - 

o 2 o 



C P 



o c 

O O 
3 ^ 



■io 



CO 

cc 
< 

Ui 



a 
z 

cc 

UJ 
D 
CC 
O 

z 
o 
p 
< 

CC 

s 
z 



w CO _ 

> 2 

.S « 2 

Ui d CO 

O & es 

t o > 

i 



^ CO 
■•^ C 60 



•22 -5 



> O o 13 — '3 



O- ^ CO 
CO ^ g 



> CO 

C Q W 

§ o 

S ^ 

t J3 



;3 

CO 



Q O C 

CO 'O > 

a o 2 



C^O .3 



O V 



— O 

c 

o 



E 
3 
C 

C 



o c/r 

CO ^ 

2 g 
c 

C3 



CO 



ii3 8 c o 



1 \ 




r' 



CO 



CO 



£3 



UJ 

> 
o 

UJ 

2 



ERIC 





00 c 

00 E 



o 

0 ^ 

•o c 

^ o 

o 

CQ-g 

1 z 

<i 

. o 

26 



> 



= 3; 



3 



5 



8 



I 

CO 



« E 

> s 

It 



"I ^ 



8» 



4^ O 

5 E 



00 



Tf < 

•o o 

s s 

o 

CO -2 



E 



S 
< 

C/3 



= 6 



o 

I 

u ^ 
3 O 

2S 



« ^ 3 
o ^ c 

E 

5 = 5 

§ = .2 



E 

8 

Ui 

E 

3 
c 

Ok 

< 

CO 



17 



11 



CO 

z 



CO 
UJ 
(9 
(9 

CO 



3 
O 

S 

cc 

o 

o 
z 
< 

(9 

z 

X 
ui 



^1 



cs 

a 

E 
o 



o 



a1 

z 



cc 

UI 

Q 

.CC 
O 
I 

z 
o 

p 
< 
cc 

UI 

s 
o 



CO 

< 
s 

UI 

CC 



.t: o 

O a 

CO 

•^3 



" ^ § 



o -o 



•"3 



1= 

c o 

2 8 



o o 
3 5 




J 



u« O 

^ e o 



O 2 



go 



2 S CO 

CO ^ M 

e 5 g 

CO C3 * 

o O £ 

o c ^ c 

"o — .> c 

O i2 C .5 



c 
o 



2 ^ 



3 o 



o 
o 



CO 4^ 

*co 
O " 

1^ CsO 



CO 

=3 I. • 
= E 

e S3 

p 

J3 ^ • 



3 O 



,0 O 



> 

P 



a ° 

? C3 



= 2 



c - r 

*w 



CO 
H 
-J 
D 
CO 
Uf 

cc 



UI 
> 

O 

UJ 

2 



ERIC 



l§ 
e p 

O Si 

S g? - 
IS 



C 
o 

c3 s "a 

0 E a 

o O if 



CO 

M 
O 

E 



o 

-if 

O c 
-X- 



- « 

• o 

• J3 

• E 

CO 
CO 

5 



o -a 

e ° 

CO 



4= o 



E E 
5 i 



E 
3 
c 

j= 
o 

2 
ui 

s 
< 

00 



S s 

•C CO 
CM <^ 
O • 

5Ci 



00 ^ 

V e 

-a c 

O z 

c«-^ 

o 

CO .H 

I £ 



18 



4 

I 

«1 5 2 



1 « " 

2 i> • 

U CO 

JD — 

E S . 

c c " 
■ E Ji 

^ C -2 

<N 3 C 

c S 4= 
i >52 



E ' 

4= 

(ii 

S 

< 
00 



12 



z 
o 
p 

a 
a 

o 



w fc- o o o 

"tS— '-j'X ?3 



C3 

5 i 




(0 
z 
o 

UJ 

O 

s 

D 
-I 
D 
O 

E 

D 

o 

< 

z 

*x 
a 
< 

UJ 



Ui 



\ 



(0 



B 



« 4 



o 



14 



o 
o 



B 
B 
B 
B 



e 2 

= 2 



O 
O 



2 e 



O 
O 



1*2 



o 
o 



o 
o 



no 



00 



u O 

c c 

••a o 



t o 

cs c 
o a 



"5 



•w CO 

O n 

5^ § 

w c: « 
^ w 

00 O r3 

^ ^ 

> ^ t3 

O 3 C 



o 



r4 c\ 
00 r- 




J r3 
^ £ 
X ^ 

C 

O C 

is 

J. c 

■2- a. 

§ § 



♦i2 

c 



O «3 

-•E 

G o 

S .2 

3 i: 



J o .52 

R E 

3 CO c/: 

^ E 



43 o e 



CO 
C3 



^ O CO C 

*2S 



00 



^ .2 



UJ. 

> 
P 

UJ 

i 



X5 

£ 



<M O 
00 k«« 

o 

Urn 

o 



« .2 



O 

in 

1 

E 
o 



u 

IE 

E ^ 
= c a. 

8 



C 



CO 



c 
o 
> 



_ o o 

JZ JZ 

\m/ *^ 



sz 

o 
c 

E 

Urn 

o 



o 

E « 

ON » 





o 
u 




c 


r- 






3 




cr 




o 


^«-^ 


CO 




< 


o 






c 


C3 








o 


o 






00 

1 


Num 


CO 




1 


o in 



c 



- c 

■ 3 



o 
u 
C 
o 

3 

cr 
o 



CO 



,60 ^ U 

E w 

93 O X 

c c g 
S fa ^ 

o£5 



8 



E 
o 

o 

' E . 

3' SO 

ui 

a. 
S 



00 



CO 

c 

C3 



ER?C 



2i' 



15 



O 



i/i 




4 . 



♦ 0. 



:1 



a ♦ 



o 



> 



I 

< \ 



UJ 
CD 

Z 
Z 

o 

< 
UJ 

I 



o 



CIC 

•I 

UJ 



o 
c 

c/: 
O 

> 



1 1 

*- ^ <^ 
u ^ o 

2 cL. 

22 3 ra 
w ^ '.23 

= ^•1 

> « 3 

: ■ c ^ 



-3 



5 S 

- 3 

in 



o 



CO 



c 

> 
o y 

>> 2 



w 3 

u •-" 

c o 

B E 



E 

3 
C 

S 
> 



C3 



5 -s 



•o'o S 2 

-J u 

t2 

.S2 i2 o "3 

Q O 3 

trt 

2 3 o 2 
E t; - 

^ 1> Cm 

C3 ^ Cu O 
O «M 



C3 



1 



> O u C3 



IB' 



^ -I « ^ 




■ y 



-J 
D 

UJ 
GC 



sJ 

UJ 

o 



.ERIC 



00 Cu 
3 

s 
s « 

00 ^ 

1 E 

CO 3 

J. 

i « 

< 3 
o 5 

(N ^ O 



o 

00 

I 

vO 

r- 

CO 

E 



O C 

— C9 



s s 

c 

3 c <^ 
O — 

« s o 



E 

3 

> 
c 

« CJ 



::: O 3 B 



ui 

CO 



CO 



^ 2 < 

00 ^ 

CO .t: 

^ CO b 

^ J? 

o < 



u > 
O trt 

S g, 
> M 



o 
o 

' c 



"3 

Cu 
3 

o 

ui 
•J 



Cu 
3 
O 

u 
c 

C3 




• 




(A 

z 
o 

UJ 
O 

o 

D 

CO 

S. 
O 

D 

a 

E 

oc 

D 

a 

a 

' z 
< 

z 

a 
< 

UJ 



= 5 

c »- 



^ ^ 

^* a - 

3 -c 

5^ ^ rs 



to -p C 

11^ 



3 5 2 E 



Z3 



r3 



c 



^ - c 

3 U 

2-i 5 



o 

OC 
UJ 

z 



^ C »»r 



1 s. 

^ — 



^) > 
P o 



^ r 'J 



c 



P ^ Q 

^ -a 
— cj -a 
o ^ 



o r- 

'X, 



Cv O 



00 — 



.5 -J 
o o 

O 

is 



8 1 



H o 
S c 5 



-t: > 5 >i 

C 5 3 — 



c ^ » 



r5 -C u 



> .2* " 



^ E 

"5 y 



» CO 



^ r- § f 
to 

ro 

•£ o 

o2 



5 



o o 

ci o 

"•5 

c o 

O CO 

^ > 

■a 3 



O 'J 



CO * 

o 

d o 

u- > 

^ E 
£ 2 

3 — 



c O 



2^ 



O :3 ^ 2 
|||P 



.2^ 



o 3. 



« >. 
E « 
E 

3 M 



E I 



D 3 

o ^ 

o - 

O w c 

— V3 c:: 



■I" 



E 2 

— 



g op 
a 

E - 

=^ c2 

X ^ 

O CO 

- 8 



E 

-E 

rs CO 



E = 
3 .2 



E 

-P 



•J p 



— § 

> o 
c 

.S2 ^ 

c 

o 



55 a 



V3 

E 



ic -J o 
w u- 



o4i 



it 

CO ^ 



C C3 =2 

^ 3 E 

r « -i: 
^ t: 

to c 

It 

'J c 

5 E 

o « 

C 1) 



PC • — ^ 



PI 

E ^ 

3 ^ 

C CO 



CO 

c 



o ^ 
o 

o 



> o 

O Ci 



C3" 
Ci 



~ CO w 
Ci ^ 



y; CO 
^ Ci 

Ci ^ 



o 

Ci Ci 
x: ^ 

Ci 2 
C 3 -O 

o 2 Ci 
to i3 



o 
o 

CO . O 



<5-S 

C ^ 

.2 ^ 



2 I 

^. Ci 

c c 

Ci 5 



Ci 



O 
c 



'z: c ^ o .52 



CO 

D 
CO 
UJ 



ERIC 



UJ 

> 
p 

UJ 

2 
o 



5^ - 



* o 

Ci o 



00 ^ 

' E: 



w 5 
E 

•5 



c 



CJ f3 

ii 

O c 

E % B 



o s S 



o 

O' 
1- 00 

OS 

in 



ON 



Ci 



I 3 E s 

C) 3 O ^ 



o 



T C ZL O 



u- tl 3 

O CO 

O CO 

<« -t; .2 



S 5 

> S 

ui 
►J 



CO 



Si 



o\ 



Z 



00 

I 5 



O Ci ^ 



t3 



OS ^ 
OS 00^ 



CO 



C3 O 1-3 * 

> s < 



23 



19- 



■z 
o 

UJ 

a 
a 

c/>. 

S 
D 



00 

s> 

CO 

a 

E 
o 



*^ 
c 

CO 

oc 

UJ 

^. 

z 

UJ 

o 

i- 

u. 
O 



OC 
D 
'O 

o 
z 
< 

o 
z 

X 

o 
< 

UJ 



3 



C 

.2 o 

3 C 

c/5 O 



c/3 

•§ 



E ! 

O" 



S .23 

^ I 

if- 

3 ^ 

ro c 

t/: H 

O ^ 
O d 



&0 

o 

w >, 
i3 c 

^ E 

•S ^ 

a o 
«— « 

a .5 

o - 
E ^ 

3 

£ L 

T3 O 



c 
o 



c/5 ^ 

I. .2 

4 2 

C 3 

sj O 

5 2 

s-^ <-> CZ' r3 




1 



llif 



H ^ S 

3 J= ?^ w 



o 



CO 

o: 
< 

UJ 



IS 

Q. CO 



s J- 

Z/7 



O 



O 
< 
CC 
H 
OQ 
D 
CO 



^ 2 

'2 

e = 

^ E 

o > 

u a 



a 5P 



S5 " 2 S 

^ S ^ c 

c X5 D 

-J Q C^. I* 

■*M 3 ^ 

O O 

c^ 

« a E 

c/3 ^ 



c/: • 

-P- 

£ 3 . 
"5 ^ *^ 

E o o 
c c s: 



(N 



c/3 

o 



O a O 



O ^ 



o 



^ r ^ 

.i2 tt 

5 ^ .S 
- >^ ^ 
" o =5 S 




O 



1) 

c>y 



o 



O 

c ^ 

o o 

O CO 



C/3 ^ 
^ X5 to 



° I 1 I £2 

CO 3 C C y 

^ £^ o ^ E 

■ S 2 S 

:n <5 E 



vO .ii"f-' 

CO > 2 «• 

CO U 
73 O. 



^1 = 



c 


' 1 


. ' 0 




c 


u 






0 


E 










c- 








00 


deti 


CO 


■ 0 






on 


ere 




0 

■«-« 


to the 


■ 

C3 
3 


p 


0!. 


lowes 



Cv 00 



o 



3 
'J 



UJ 

OC 



UJ 

> 

P 
o 

UJ 

2 

o 




00 



■ -a 

o 
' — • 



•a 
5 
4 

E 
o 



< X5 .2 

• 5 
(N Z is 



■C O -3 o 

O E^ E* 



S 
< 

c/5 



•So 2 

>^ ^ -o, 

a: 5g 5 
< 2 xi 
.:5'E, 
3 3 
(N c/3 Z 



/ 


earne 


with 


u 

0 


• 






the I 












ibe 


wi 








um 


^0 
/c 












CO 






E 










3 


■a 


borro 








c 


e-d 


of 








c 












0 


&o 




0 

1 


two- 


act 


urd 


he 


VO 




u 
w 


3 




ui 


c/3 

E 


c 
> 


I sub 


regrc 


hout 




Ite 


0 


wil 


0 
c 


wit 


VS 



1 



ERIC • 



2'> 



^ - 

8. 

. a 

E 
o 

u 
*^ 

o 

3 

c 

8 

CO 
GC 
UJ 
CD 

S 
Z 

UJ 

O 
X 

? 

O 

z 
o 

H 
O 
< 

GC 

CD 
D 
€0 



CO 
UJ 

a 
o 

D 
CO 

S 
D 
'-J 
D 

a 
E 

GC 

o 

< 

z 

I 
o 
< 

UJ 



CO 

GC 
< 

S 

UJ 

.GC 



^ 

/ 



> 



c ^ 

0 >» 

C 00 

1 5 



II 

o £ 

II 

D O 







o 












on 






o 




o 


c 


CO 






c t 




o 


c 


o * 




2 


CO 






O 


o 






c 


c 




S 


Ui 




o 


C3 




£3 










o 


u 















♦ f. 






Ui 






Ui 














.2 


£ 


Ui 




Ui 


CO 
C3 


;a 


•5 




C 
















Ui 


CO 




1 


£? 


.E 






*E 


(A 


Ui 






a 


Ui 




c 


<^ 
<^ 


CCl 




CO 


to 


o 




bcr 



c 



c 
to 

00 



o g tJ 

60 > g 
C CO -o 



3 1 



a 
E 
E 

E 



o .5 w 

C/5 o H 



{2 

D 
CO 
UJ 

GC 



UJ 

> 

H 
O 

UJ 

s. 

o 



CO Q 

'I 

OS? 



1 
f 



a: 
< 



OCT 3 * O 

<N CO 2: 



3 ^ 
C &0 

|^{ 
372 

e 

^ c 

- ^ = 

" " 2 
> = o 



1 

.5 



00 

I 



O 



a. 
< 

CO 



^ 2 

O 

^ E 
i> 3 

6 -a - 

flO O p to 

< SQ E 
UI c/0 — 



= 1 . 

^ j5 



O 



3 
C 3 



t-5 



m CO 



o .. 



ERIC 



'27 



21 



M 
2 
O 

g 
Ui 

D 

CO 

S 

D 
-1 

O 

E 

GC 
D 

o 

o 
z 
< 



o 
< 



2^ \ 



i|J * 

§> 

2 ^ i: id ^ 

15 ^ -3 
2 ^ £ . 



2 >^ 
0 S 
c s. 

2 2 



i2 "3 ^ 
S > S 

3 £ 15 

5 



9S 
3 



^3 
^ > 

II 



E ^ 

-3 



r3 

> -5 

J - 

= o 

o a 



o 
"E. 



w CM 



— II 



o o o| 



o 



J5 O 



o 5 " 
^ J= o 



Q o 



> 



8- 



"a. 



CM 



O u OC O 
I — - 11 -3 

I X 3 
B. 



I I 

Is 
Is 

3 .SS 



o • 

£ o 

o c 

H >> 

O o 



ur 


• 


o 


E 


of 


















u 


































3 










•3 




C 








d 


•3 










>> 




c/» 


Cm 




o 


>> 




c 


tur 


rrc 




3 


c 





C/3 
GC 

tu 

CD 

D 
Z 
UJ 

-1 
O 
X 

5^ 

u. 
O 

"Z 

< 

o 
Ij 

P 
-I 
D 

s • 



c/3 

GC 
< 

GC 



si 3 S 

s o = 
y — ii 



v5 ;^,tr 



5 + 



1> ;^ 
3 



"3 o >> 



•3 



H 3 >> w t- 

2 ^ "55 H ° 

.2 t 

> S n 



o c 



E t 



o ^ 



o 
n ° 

SO 



^ H + ° o 

^ ^ + "3 o 

-J ^ 



t-* 3 



r3 
C 

£ 

> 

O 

o 



= -3 

3 a 



C 



i si 

=2.^ 3 

g E 

. - := E 

2 s r s 
ill 



3 ^' 
^ 3 

S 2 ^ 



c c 

'I?. .2? 

3 

S .2 



c 
£• 

C3 

3 

c 



£ « 

i 

sc ;i 

3 . 

ll 

•3^ 

r3 O 



•3 
O 
O 

o 

c , 

>> >> 

.-i a.' 

S 2 
J2 o. 



\ 



H 

3 

(/) 
tu 

GC. 



» < 



3 

C3 "3 



-3 
•3 

C3 



! ^ -^5 ^ 

5 11" 



^ -5 

-2 3 g 
^ ^ c 

p C) ^ 

*- c c 
« S .2 

i « 8 
O £ o. 



o i£ 



o c 

.. I 

a. 
< 

C/5 



tencus? 


lalivc) 


c o 

BO ^ 
GO 


• 

Grade 7) < 
>n (Commul 






of the 1 
Answci 


C 11 
Itiplicai 



:3 *t3 £o 

^ ^ I' 



£ 



•J o 

o 

E^ 

3 

C « 

g E 



o 
c 

:/i 
O 

o 

•3 

•3 

o 



3 

E S 

C3 Urn 

o o 

55 



a 
o 



^ X 

ui 
a. 

< 

CO 



er|c' 



25 



CO 

z 
O 
P 

CO 
UJ 

a 
a 

D 
CO 

S 

D 

D 
O 

E 

O 

o 

< 
O 

z 

z 
o 
< 

UJ 



c 
o 



3 i5 >. 



.S* r t: m o <N ^ 

3 ©c: n M II 

^ « X * 
^ k« 



22 



•^ = ^ 



c S H 
so c 



e 3 B ^2 g 

^ "H. 5^ ' 



O I +j 

c?5 



CO 

oc 
< 
S 

UJ 
GC 



CO 

-J 
D 
CO 
UJ 

cc 



Ui 

> 

UJ 

2 
o 

o 

ERIC 



M y 5 = "5 ; 

'ii'S £ 3 § 




o ^ 

I'l. 



E 

U C 

»- 2 
o *^ 

.2 5 



c £ 



3i ^ — ^ 



.2 : o 



O " 

2 I 



^ o 
«• t: 

c o 

o := 



if 

o 

o c 
« 3 



50 

D 'J 
> 3 

II 



E 



•O 3 

^ c 



00 



^ o 



3 



5 g 

B g 

i ? 

s « 

o c 

£ -a 

c E 

.52 [} 

S E 



E 



> 

o 

o 
o 



^ c 



o 

O := 
3 ^ 



Si 



&0 



2 1 

o - 



E =3 



'eoZ 

u5$ 



•2 



o 

so 
so 

E 



^ = 5 

3 3^ 



5^ ^ 



a CM 
C ' 
O O 

O 3 



3 O 

S o 

O O 

£ a 
a w 

5 E 



o 
o 

X 

ui 
cu 

< 

CO 



J2 
Z 



"a 

5 ^ 

I so 

CM ! 

- E 

3 O 



< 



^ S o. 

p 3 ^ 

2 - S 

^ eft C 

i o 
^ w 

g -3 -a 

O a » o 



□ 

{I 

X 
vO 



CO 

z 

O 

CO 
UJ 

O 
<D 
D 
CO 

D 

D 
O 

D 
O 

o 

< 

z 

X 

u 
< 

UJ 



^ = ^ Is 
O £ 3 §• 

o u - C 



C rj 

o "2 "5 ^ 



5 « 6 2 

s X ^ 



? ^ 15 o 



S ^ 

2 8 2 



o o 
"3 o 



-2 C.P 



3 ' 5/: 

S o 



4-» T3 



at '5 



O 



1 i I 



< = 



' ' M 



.H 

t3 — 



li 



> Si 

'•TV 



^ > 

> 2 



El " 



^ ^ 5s 

^ O ?S 

O « ^ 

— w o 



oooooo 
oooo^o 
oooooo 
oooooo 
oo-oo oo 
oooooo 
oooooo 



CO 

< 

UJ 



ml 

C ^ 



o O — ' ' 



w > 



*^ 5/5 

= I- 



"3 o 



o o^t: 

:3 ^ to 

< c 

• « !2 

L- H - 

"E E o 



" .E 
2, 

^ c 

o 

^ in 

n 



-□1 



•"3- 

!!□ 

« a •= 

3 O e3 



ins 

9 2 
E 

V, 

^ V. 

O — 

5 2 

E ^ 

£ — * 
o ^ 



t> W5 -> 

f- 5 o 



^ s* ^ 

^ i ^• 

u- Ci O 

c 

8 ^ 



O 



-3 



^ s - ^ 



M ^ 



E 
o 

O 

E 



^ > 



^ 5s 



- o 

o : 
5 2 

.E 

7^ 



2 o 
8 1 

- .5 



I! 



^ro 3 
< 

^ »n »n 



-51 



-3 
OCX 

^ c-- 



o 



> 



« E 

c -> 

8 ."e I 

O w 



E .22 



— ^ 

^ C C 
cr. 

ii 2 o 



O o o 

8 o| 



CO 

3 
CO 
UJ 



UJ 

> 

UJ 

2 
o 



er|c 



vo .2 

00 *^ 

u 

>K "5, 

"5 

O 3 iJ 
— CO 



O 

.C3 



O 
3 

« o := 
^ a. ^ 

CO -> 

S 5 « 

eft 

5^ C ^ 

= § E^ 



8 



aCr vD 

■in 



c 



O =3 i 



■a ^ 
c Z 

^ 00 



r- 3 

•■2 =« 

S s 

a .2 



I 



c 

= .2 
^« 

O C 

.2 ^ 

C3 .>» 



-•OiU,;^: CO 



eft 

E 



3? P 



IS. 



IE 



> 
c 








o 




j:: 


1) 


CO 












.!. 






u 


— eft 


ten 





a. 



30 



z 
o 

UJ 

o 
a 

D 
CO 

S' 
D 

D 
U 

E 
cc 

D 

a 
< 

AD 
Z 

I 

o 
< 
ui 



cc 
< 

UI 

cc 



24 



5 c: 

3 ±: 



^ n ^ 



-3* 



w O 

a? 

•= cr 

T OC ' 

:§ 

■3 



.2 



31 

^ u 4^ 
0-2 g.O- 

= w . > 
S -2 i2 ^ r'i 

* ^ 



* ^ 

t> -c 5 — ^ 

IliiJ 




J" - 

c l> 

- o 5 

a = y 

1 

2 o 5 



3 g 5 



5 i> 



c n 



4> 

c 



— y 



■5 •£ < o S 



C 

^ O S£ 

EE:: 
2 

^ Z 

s: S ^ 
--Cm 



C .2 
o > 













> 






(livisi 








results 


UlUJI 




*> 








Pi 


the 




k. 



^■O 7>^ — 



3 — 

11 



§f i 

M No' 

= § s 



O ' 

60 



g .S -3 V= -3 



^ > 



III 



X H -3 "E 
o --T o .- 



E 3 

^ = i 

— ^ E 

r^. O 3 

w — C 



1. 

.2 5° 

> = g 

C -O *** 

*" 1> 3 

"3 — 

" 3- ^ 



■3 



L> 3 

5 ? 

-E ^ 

E H 

c ^ 



C 

c 



c 
o 

S 5 ^ 



c ^ 

"3 vn 
5 



si 



S5 ^ « c" 



^ C 



III. 

■3 3 i> 
S S c 1 



k« 

o 
S 



^ -3 

o 2 



5 2 



k. 

S k. « 
•= OS 



S CO 

^3 



B 



c 

J3 



<N § 



C3 

E 

e E 



E ^ 



CO 



D 

CO 
UJ 

cc 



UJ 

> 

H 
O 

UJ 

2 
o 



2 

■o o 

a a! 



9-^ 

i c o 
— c « 00 

T O-l . 
^ > .> -o 

^ -55 - g 



o ■ 

ERIC 



ill 
-J a H = 

> J3 
IIT 3 w 
■3 O i) , 

- =2 - 

*? c. '? 

= ■5 f ^ 
.> -3 O 



o 



-E ft, 
I < 



3i 



"3 k- 

s O 

^ > 

< .2 ^ 

CO 

• "> "> 

^55 



WO 
00 



■3 ^ 



-= — 

1 e E 



□ 



55 g-S 



••3 §• 



00 



25 



CO 

z 
o 
p 

CO 

at 
o 
a 

D 
CO 

«J 
D 

O 



CC 
D 
O 

Q 
Z 
< 

o 
z 

z 
o 
< 

Ul 



Si 5 

.3 I 2^ 

S 5 



S ii 5 5 



— 2 u 

!i s = ^ 

•= -a = - =f 

r = ^ ^ 

> = a ^ ^ 



1 



c 

Si 



O 2 



c r ^ c u 
S 5 2 'S S 
jl; v5 ci 



■sf ° 
- I. -2: 

CO -o 



B 

O u 

« 8 



5 t) 
3 2 



00 

c 

oi 

§ o 



"2 " 

o H if 

O C ^ 

3 2 i 

O ^ a 

t> .9 



in 



a 
z 

z 
< 

UJ 

co^ 
z 
O 



< 

GC 



CO 

GC 
< 

Ul 

GC 



1 = £ 

^5 .5 ^ 

c o 



— > 

°9 



O -iC 
^ > 

5 'd 



C • 

ll 

E o r« * 



^ ^ w 



2 i 



^1 
c si 



So 



o 

o 1 



— : > 

IB" C 
o so. 



.a 3 

O 5C 



S o 

2 E 
— o 



y = 2 



^ £.- 

- E -2 

s> u — 

S 3 w 

o o -r 



Eci: o 
2 s> 5 



c 

o c 

E X 

c ^ 

E a « 

2 « c 

= s - 



o 



^00 



S 2 
o 



to 5 

M s 

0 2 
0. "~ 

1 ° 

w CO 

S 5 

H i 



3 

o ^ 



3 



w p o 
Z 

ssf 

c > ° 

o « 

2 o c 

„ c o 

1 O « cft -J 

5 H 3 -S « 



p o 0 "5 



CM 



CO 



D 

CO 
Ul 
GC 



to 



S<2 



Ul 
> 

O 
Ul 

2 



— c 

ti 

< K° 

' Is 

< « Sfl 

. = s 



er|c" 




-5 > 

o 
E 
o 

o 



S3 



o. g 

o is 



3> H ^ 



_ c 
o o 



goo- 

*^ *^ 



O 

o 



> 
•3 

s 

c: 




32 




«fO c*|® 



(0 
z 
o 

(0 
UJ 

O 
O 
D 

S 

D 
U 

E 

GC 
D 

u 

o 
z 
< 

o 
z 

E 
u 
< 

I- 



o 

5 

•a 



> 



g o S S 
ST. - -2 

3 ^ - c 

^ 2 1> S 

^ -5 1 - 

^ i i 



o raflr. > ^ ^ 

. ?3 c ^ ii 



(0 
< 

■s 

ui 



~ 2 . M -so- 

. . t> fc- t> 



=3 t> ' 



5 ^ 52 
2- r 

sfi — 



fc t> c :e 



— • ^ ^ V ^ 

C- ^ * ^ 

' ^ ^ 

^3 — ^ 

fc- fc- 

o c 

5^ 

o Si o s> 

o £: p c 

:^ O 3 C 2 



00 

en 
o 

1 



Si ^ o ^ c 
;r IT *^ "3 



p - _ 



< 



Si 



o 



^ >^ t ^ -i 
b 



y 3 



1^ 

:3 V 



CO 

-J 
D 
CO 

tu 



> 

tu 

2 

o 



ERIC 



5^ 

S3 

OS «; 

T » 

< g o 
' ^ — 

= 1 ^ 

' o 

< S 2 «2 
26 



ti 
-3 



o 

O 

E 
o 



"Si o 

— 06 
O 3 



u 
2 

> 
(3 



2 

e 

o 
c c 

5-S 



-2^ 

-a 



Cm 

^ s 



o 
to 

c ^ 































HO 




o 


X 



^(2 
"12 



33 



CO 

z 
g 

a 
a 

D 
CO 

S 
D 
-I 
D 
O 

E 

fiC 
D 
O 

o 
< 

z 

X 

o 
< 

tu 



> 




c 

?3 



3 

>. 



c 
E 



r"' > w 



^ s 



2: 5* 



C J 



< 




CO 
< 
GC 



^ ^ i: ^ 
o :z ^ ^ zj 



cr. 



c - = 



^ C ^ - 

= ^ I 



a: 
< 

> 



?3 



-f -3 o £ € ^ c 



u = c 
o :r o 



rsi 



£ 2 



S 5 u a 

C t£i < o 



"O *^ ^ X 

C v: O i> 

o = ^ = 

^ ^ t> o 



o — 



vr. 



3 t> 3 t> w — 



£ ^ 



> c> c: « 
S3 



3 ^ « w i2 c 

5 H < w O U 



5 2 2 
S £J ^. 



2 - 
- s u 

2P ^ 



•a 



I ii 

SI'S 

— D, 
o c ^ 



5 5 
c c 

o f 
O o ^ 

2 8 



3^ ' y 



o 



o 

:3 



O 

CO 

C ^ 
C 



c — 

r: C 

£ E 



O 

c 



t .£ 
o -a 

t) 3, 



.E ? 

C 3 



^2 

c o 

:3 



w c 



I o 8 

M <M C3 



c ^ 
— 

60 O 

« 1 

? c 

w C N 

««• o *r 

c 2 



8«| 

£ 2 £ 

^ 8 - 

o ^ 

c 12 -rj 

c c a 

U 3 O 

-3 ^ w 



c 
o 



23 



3 C 

S c 

"o .2 
c t> 
o .> 

£ !n U 

£ ip 



J2 

D 
CO 

tu 

GC 



tu 

> 



tu 

2 

o 



ERIC 



O 

o 



O 2 
= 2 



r-J 3 O — 



C 

=3 



< 3 



O 3 — 



- o 



> 



c 



•a 
c 



^ ^ O 

^ 



O 

in 

O , 
3 



a. 
< 

GO 



s| |i 

w C T3 O 

c u c o 

o H ^ s> 

?3 ;c « - 

O C3 P 53 

^; r ^ t Q t 



\ 



o 



34 



O 

c 
o 
•a 



53 

Q r o 

c ^ 

^ D 7 

<^ so - 



> 



3 

o -a 

c ji: o 



3 w ^ 

p a ^ 



i 

o 
c 



J= e3 



c 

< 

□ 

Ii 



o 



a. § 

i « 

3 £ 



< 

CO 



29 



z 
o 

H 
CO 
UJ 

o 

O 

CO 

S 



O 

E 

D 
O 

o 



< 
o 

z 
o 
< 

UJ 



CO 

< 

UJ 

cc 



30 is 
o 

^ CO 

o o 

o r 

o o 

§1 

M O 

|5=3 



5P § 2 

.S CO 50 

c ^ c 

•§ 

i2 « ^ 



"^4 



C5 
3 

a 

8 
c 
o 

o 



>5 1 

=3 ■= ^ 
.£ .-o .S 



cd 

E 
'5 

1 

> 

•at 

3 O 

2 w 



3 - o >^ 

E w 2 J3 



O 

o 
c 

3 
C 

5 c S2 



^ 3 



c 

o 
c 

o 



15 ^ 



•3-= 



C 
3 



c 

- - C3 

2 



- d 5 

>> c > 

JO i) ^ 

3 52 
C u 

o o S 

^ o « 

-© S.9 

cn fc^ O 
^ -O J= 



8 



o > 

o ^ 
'z: o 




CO 



CO 



CO 

O 
CO 
UJ 

cc 



UJ 

> 
o 

UJ 

2 



er|c 




33 



O 2 
^ tt. 

c 



S O C 



< 2 i> 

.S o E 

O 3 ^ W 

<N CO ^ ^5 



E <N -a 

O <^ " 
o O 



,2 



JO o > 

E 'c t- 

r u o 



5 



o 



" O 00 

O i vo 



8.2 



C 
II 



3 

CO 




ERIC 



€0 

z 
o 

p 
(0 

UJ 

(D 
(D 

D; 
CO 

D 
-I 

O 

E 

a 

o 
z 
< 

z 

X ' 

o 
< 

Ui 




w 

& 

E 
o 

•g 

c 
c 

8 

z 

z 
< 

Ui 

s 

-J 
< 
S 
o 

Ui 

Q 



/ 




|0 

o 

CO o 
CO I ^ 

(N 
IL 



32 



C 

o 

u 

O 

Q 

c 



Vi 

c3 d 



o 
o 

2 o 

CO 



« |0 

o 

CO 



+ 



+ 



o 











c 




o 


usi 


an 


o 




o 


o 




o 




c 








o* 









|0 

o 



E 2 

8 



1^ o 



■> 



CO 



E 
o 
c 



11 

o 

+ 



is 




CO 

< 
s 

UJ 



1« 

CO C 

^ 3 
c *^ 
O CO 

li 

S >. 



"I 
{2 S. 



5 <— 

O o ° 
Si .--o 
t: g c M 

■ - ^ s 

o *^ u 

> O CJ 

5P oX, ^ 
.E h2 ^ 

3 o 

5 = <N O 

- - IS « 
•§|ll 



& 

c 

2 

CO 

E 
2 



CO c 



>> o 



5 « 

h - c 



• n ^ 

3 + S 



^ ^ c: 



45 



3 -o 

E 

O 
O 

CO 



fc 

8o6 
^ «> 

O 00 

^ E 



•a S 



c 

S 8 



•c ^ 

O > 



^ II « 
o ^ 

+ 



CO 



E d 
>» 3 
o\ IT J2 



CO 

C- CO 

"S ^ 

2 3 

a 

CO 



C3 « 

0< CO" 

•o o 

CO C 

o ^ 



3 o 

CO ^ 



8 2 ^ 

o c I:? ^ 

2 o I 8 

•S :3 2 



> 

o 
o 

o 



CO 



J2 

-I 

CO 
UJ 



UJ 

> 

O 

UJ 

2. 
o 




ERIC 



39 



33 



•a 

'© 

3 
t 

■8 

z 
o 

H 
O 
< 
GC 
H 

m 

3 
c/) 

O 
Z 
< 

z 
o 



D 
O 
< 

I 

CO 

< 
S 
o 

Ui 

O 



CO 

Z 

o 
p 

CO 
UJ 

O 
3 
CO 

S 
O 

E 

oc 

3 
CJ 

D 
Z 
< 

X 

< 

Ui 



<N vO 



CO 

11 

3 E 
o c 

C w 



- i 

— C 

o c 



5^ o . . 

''J e -3 



.52 S 

O - x> 

o « ^ 

^ 



5 c3 o 

^ " i E s 

> ^ 3 ;H<« 

Hill 

I 81.8^ 
= y « <^'? 
1 = "S s 

o y B s « 



= o 



11 II o Q 2 x> £ ^ 




V 



vO 



00 




e 8.r-o E 
§g E I = 

2 o g 
-o o V > 

g 00 jG u 

2 o o 



3 

CO 

O 

II . 



eg 

. O 

C 



I v„ 3 « £J S « 
5 i2 o o 5 « £ 
^ c tr y P 7; — 



w " w 

a 8s 



o > "0 



C — w 

H a O « 



3 -o E 



CO O 
CXi u CXi 
O fc « 

18-^ 



CO 



CO O )r 

a II 0^ 

CO 



CO w w 

Co 

« c 
„ o 

S-O 3 

CO 

« "2 £ 

<r ^ =^ E 

^ « u O 
« o 



u 

2 o 



C 

o 



CO 

i i 
i2 >• 

D.I 

o 

G CO 



C 
O 



c 
o 



u 

.0 



c 
o 

N 

o 



> 



CO ^ 

^ 

s 

S ^ !aK 
t2 W H 



C 

o 

2 - 
.5 
c -o 

£ §8 
E 2 

i:.s 

8 3 



C 

CO 

E 

« P 

^ s 

•^-t cd 

t; ex 



.E H 



E ^ 

•9 e 

o - 

£ £ 

^ i 

C ;i3 

a> cd 

> ^ 



o 



S 

^ 2 

tip 
S P 



£ E 5 



^73 



c 



CO — ^ 

-la 

^ 



CO 



C24 

3 

OC 



^ E 

Cd 



a 

c 
o 



c G 

O Cm 

I? 

E.2 



c 

c ^ 

>cd ."S 

CO ^ 

I- 



3 U U 

CO t2 " 



CO ^ 



3 
CO 



en 



5£ o 

ill 



I 2 

^ c 

U Cd 



^ S3 

c ^ 
o *x 



i2 

E c 
3 3 



.=1 § 

VO > C 
C 52 C3 

•C.C U 

o c ^ 

(ii 

s 
< 

CO 



Cd 



S Q 

P. c 

■Bt. 

o 
r Cd 

« i: ^ 

3 S to 

c< o e o 

< S.-^ CO 

-2 E 
< du 



c 
o 

■4-4 

o 
2 

jO 
. 3 

CO 



C 

o 

Cd 



O 
> 

C CO 

o ^ 
E = 

c - 

e 

.ts o 
^.E 

,0 •« 

- = 

8 « 

«i--3 



E 

Cd 



.CO 

o 



So 5 8 + 



c 
•G E 

^ CO 



CO 



S 
< 

CO 



c2 



C 

o 

N 

o 
X 
# 



er|c 



.40 



M 
TL 
O 

a 
a 

D 

CO 

S 
D 
-I 

O 

cc 

D 
O 

D 
< 

o 
z 

z 
o 
< 

Ul 



^ E « 



3 s .5 



CO 

c 



rS - > 



o c o 

^ 2 

!Z ^ o 

3 o-g 

3 > o 

.2 H i 



3 
o 

o 

c 
.2 

•c 
«^ 

c 

o 



8.0 



J 2 S 



2 E 



s ..2 

o 3 
D o 



O o 

c u 

u u 

"i - 

CO -3 

-3 C 

c c 

o o 



c 



:3 



43 
S w 

■3- > 
c o 

o. S 

. O 

i ° 



c> o c 

S .2 £J 



X 



il 

c 
o 

S 

^3 
;a 
e3 
u 

C 

so 



c 

C5 



C 00 



O 
< 



CO 
OC 

< 
S 

Ul 



O o 

2? ^ 



I = 

e - 

E C3 

O O 

3 D. 

E * 

eft 



c 



so 

c E 

V3 D. 



2 § 



II 

BO 



yep 



=3 



c 

S3 
O II 



E 



00 -= 



— o 



c 

C3 



d 3 
C S3 

II 



f ^ c 



« p ^ 

9 8 S 
2 o " 

O ^ U 
§•0 ^ 

: 550 o 

^ -O =3 

o =3 — 

^ o 

u ^ 3 

^* § £ 
II CO r 



CO 

< 

s 
o 



CO 

"> 

•o 

o 

O 

c 

CO 

E 
o 



_ 1^ 

CO W5 

c 8 § 

.2 o i 



2 8.' 



o - " 

5 c 



a -o .G 

•o ii *: 

§€0 fc- <-» 

^ c * ^ 



c 2 - 

€0> C es 



CO 



?2 

-J 

D 

CO' 

tu 

OC 



UJ 

> 

mm 

.& 
Ul 

2 
o 



ERIC 



^ O 
00 

CO t3 

a: 

c 

> 



23 « 

.-^ O D. 2 

o o 2 

•o c c 

2 o a 

1 ^ o5 

CO w 

3 £ C ^ 

c ^ o 

c o _g 



cs^ 

— «^ S P ^ r= 



> 
*3 
C 
u 

o 

> u 

S .ui 

o < 
^ CO 



o 
o 



□ 
□ 
□ 



o 
0 
"0 
o 



□ 
□ 



CO • 

o 

1 

E 
o 
u 

c ^ 

&r 

o c 



4# 






35 



CO 

z 
o 
p 

CO 
UJ 

o 
o 

D 
CO 

D 

D 
O 

E 

cc 

D 
O 

G 
Z 
< 

z 

< 

lU 



* J2 



3 ?i £ 5 ^ — 
?3 C 



3 



t> i> S 




^ ««^ ^ — 

- ^ £ " c 
5 t = 



1? o ^ 




= o 5^ 
2 f E -5 Z 
"13 -3 ^ P i1 



= o ^ t£ w 

^ *-» -v* c> .3 p rs 



— *> v- 



x cr ^ 





i: -3 ci 5 £ ^ 

^ i 1 ^ s= ^ 

^ t3 u 'J v, fc- ;£ 

o o ^ ^' s 



ui 
D 

O 
> 

Q 
Z 
< 

< 
UI > 
GC 
< 

I 
H 
O 

z 

UJ 



CO 

cc 
< 

UI 

GC 



•2 



3 i> 



5 ^ 



*- ^ s 



si ^ ? - ^ ^ 



•y — 



^ si 



to ^ 



5 p «!a 
55 r3 ^ 



^ «^ - 



> :3 

^ 5 S 



o ^ — 

? o o 



— o 
i 'd 

Q 

o s> 
■5 H 



- i > 

"5 EH 




c 



o 
o 



c 
o 



c 

:3 



o 




-1 



CO 
H 
-I 
D 
CO 
UI 

cc 



CO 



Vi 2 

3> c 



-f .,E £ 



UI 

> 

O 
UI 

2 



O v6 
o ^ w 

^ 



p = 

C -> 

•r; w 
o - c 

o c ^ o 

> "O o r3 
f ^ C ^ H 
W :3 ^ C 




ll 



cr-£ 



1 2 



1 = 



= 3 



I*" 

^ S 



<1 .5 -o c ,E 



< 

00 



o 



o 

O vC 

<5 



CO SZ 

CO 

3 



O 

H J- 



ERIC 



CM S 



— CO 

g ^ 

.2: 

C .E 



3 C 
CO 3 



< o."5 



a. 



i? 1- c c 

5 5 o w 

fc- o 2 . 
o • : 

3.=^« 

If IJ-K 

■5 o •-) o S 



A. 



42 



CO 

z 

O 
P 

CO 
UJ 

o 

CO 
O 

E 

GC 
O 

o 

< 

o 
z 

I 
o 
< 

Ul 



CO 

< 

LU 



36 



■5 2 £> - 5 

• k ^ *• »^ 



O a 



S 2 S 2 

if -51 = 

- = a ';i 

= - 5 = - 

J I III 
1= ^ o s ^ 
o o d ^ 

o r s 

^ j: C 




/ 



1 i '^'1. 



- * - -3 S 



e g 35 

^ » t> 

.t: o 

^£ ^ 

o J€ 

c t> 2 
O 



So 
c to- 

J E 

15 5 



4 

o 



c 

o 



»- y 5J E 

' 13 w 

C - 

o 



> 2 



si 



3 



— -= T -r .E 



.5 = 2 
c 3 « 

^ 3 f; 



.E 5. 



_^ w ^ w ^ g g 

c 

o 
E 



o 

c 
o 



o 



S2 2 

5 c o 
E ^ 

n o > 

^ ^ CO 



o > 
o o 



li 

w E 

^ Q 

(5 g 



2 ,52 
w IE 

1 = 

a. 

^ § 

« O 
E .-2 

2 - 

^ C 



c 
o 

c 

T o 



P £ 



c 

.E 
'5 



:3 5 



!i o « 

^ r: ^ 
o « r 
E-^ '-^ 
o 2 

^ c 



o 



^ o c 

O o =5 

V5 y 

^ C C3 

« O o 

5 n. -c 



!■.> 

3 ° 

< c 



E 

2 *- 6 

C 00 ^ 
C*^ *-! 



■=£ o 
E 

C CZ O 

c o — 
^ 2 c 

c 3 2 

.-^ 

ceo 
- 'a E, 
2 c 
V §f 

O 5 C3 = 



5 ? 



c y 

O 3 

— « 

■si > 

S O o 

.S H o 

r5 



CO 

CO 
UJ 

GC 



1/ 



UJ 

> 

H 

O 

UJ 

o 



ERIC 




V \ \ \ \ V 











































43 



37 



z 
o 

IS 

o 

o 

CO 

S 
D 

D 
O 

E 



o 
z 
< 

a 

2 

I 
O 
< 

H 



.5 3 



C..S2 

8 g 



=3 CO 
W Si 



" 5 

L ^ 1 



i= > 6 
o - ^ 

»!i o 



o o ^ 
^ ^ *• 



f M 

u o 



1!? 



9 ~ .S v5 S 



.t: <^ = 

-•22 5 
o rS O 

i- V5 S 



o 



o 5 

- c — 

CO o c 

rsi 



52 u 53 rsj :3 



2< 
E o 
2.S 

3 C 

O =5 

> 2 

•11 

' o o 

^ £ =S 

:2 5 g 

< CO 



I- 



tu 



CO 

oc 
< 

tu 
oc 



— C3 

"a w 

o ^ 

C 3 

o 

w o 

o ^ 

c r- 

ii 

.2 a 



O 

E 



5 



3 c *r 

5« O 

3i w 'J 

= - » 

.3 £^«<M 

§ 8 I 
8-5 I 

3 C O 

E a.5 



=5 

c £, 

3 .3 

o 



o 



> 



E » 

Z i2 
> c 



-3 -3 
I- o 
«2l 







c 






c 


o 
















mplc 


CO 




o 








to 




c 


:3 






X 




'E 




M 




w 








O 
























ur 


pon 


c 




c 










whicli 


to wh 


er the 


o 




CO 






ice 




■af 


CO 


o 










3 


o 






o 












o 
















b 
o 


O 

Ui 




i 


o 








c 




i 





CO 

c 

CiO -o 

^ i.f 



= 1 

^ 3 

."a .E 

o E 



2 « 
E » 



ti «^ 

E 



3 v. 

- 1 



^ I. 

o o 
>» o 

— ^ w 
o a 

5 ^ v> 

> O 
C3 J= 



c 

C3 

3 
O 



o » 

p & 

<N O 

Ui a 

f 8 

S g 

o > 



— .23 



= 2^ 

o 



E £ 



0^2 

3 



Si — — 



E 



« r > 
-c O > 



« c o « 



S 2S 

5:2 

O 3 

O ^ 
/ • 

CO 



c 

C p o o 

O 3 'JI "O 

::: ^ ^ 3 
3 o E 

C5 O w 
C > C3 . 

S .E E 



« 2 



o t: H 



-I 
D 

to 
tu 
oc 



ERLC 



tu 

> 

o 
tu 

3. 
o 



00 



Ci 

-3 

a 
O 

vO 
< 



S 



Ii 



-3 



"3 

o 2 



c 

: g 

CO — 
3 O 

s> o 
> o 
O :5 



Ci 

.2 

C 

o 

Ui 

c 
c 

j:: 

CO 

c 
o 



£5 



o 

SI 

o 



(ii 
Cu 

< 

CO 




Ui 



< 

i 



00 



c 
o 

M 

•3 
C 



o 

o 
p 



I 



.3: E P 



o 
o 



^ o o 5> E 
ro H o £ 



44 



.e2 



o 
o 

•3 



-3 O 

ui 
•J 
cu 

S 
< 

CO 



o 
o 



o 



O 




CO 

z 

O 
P 

CO 
UJ 

o 

O 

CO 

S 
^ 
O 

E 

cc 

D 
O 

o 
z 
< 

z 

X 

o 
< 



o ^ 

c 

o o 
9 o 

>» v. 
S W ^' 

2 5 

a - O 

O »i 

^ D :l 
J 'g 5 



C3 

9 

s « 

= -2 

= 3 

s 

^ C 

> -a 

I? 



o 2 
■ & = 



O 



O 
we 



S ^ 
^ o 
-a 

o 
q 

d 

o 
rj 




c ^ 
-a p 



§ 8 



- - CO 

CO 

CO t5 ^ ^ 

c ^ 2 o ^ 

3 fc P ^ C 

o o . c3 

S ^ = = d 

2 c3 « 2 3 S 

- E2 &E ^ 



38 



CO 

< 

S 
tu 



s o y 

2 H 3 « 

•) 5 ^ 

S o - 9 

£ S 5 2 



35 o 

1° 

»? ~ 

>>ii 
C ^ 



8 c S 

g 

a 

-M 

3 > ^ 

53 2 i 



' o 
■< 

1 i 

3 C- 

O 

ii 

^ > 



CM 



60 J= 



5 

c 

* . 3 O 

5 :o 

so o =^ 2 , 

n ^ O '3 

^ y C .3 

« 2 2 E 

I O g 

S - cu tJ 

tc . o 

13 .S o ^ 

o • ^ 

8 3? < H 



00 ^ 

00 o 
so g 



C3 



o 

CO 

5 £ 

U 3 
— y 

* © o 

'J CO 

^ 3 

C o 

O u 

•J O 

•5 ^ 

^ "3 

o H 
'A ^ 

! » 



i O 



o = 



3 § 
o ^ 

>i CO 

in 



c o 

i « 

-a o 



-3 

U 

E 



So « 



•j w ^ 

O 3 u o 
£ O ^ O 



T3 O 



= -2 



o 



C3 

CO — 

C 
-3 



u > 

^> > 



S I y 

^ O '-S o 

Cj X k« CO 

c) r: a - 

C CO ^ M 

O C3 a a 

'"^ ^ ^ 

c = ^ 

o o ,2 



-3 



2 



6 O "3 ^ 

«rf CO 

■3>2 j= •= 
i: t" o 

Is! ill 



c 
> 

s> 

c 
o 

E 

o O 
^ c 

^§ 

O w 

^ 1 

00 BO 



c 
O 

>.8 
S 2 

C O 

§^ 
E 

CO O 



C3 W 

? E*" 



3 O c3 

C3 O c 

O c 

o o b 

5? " ^ 

•S 3 2 

• CO — 

o 5^ 

^ eb— : 

o 2 i 

"3 .5 

O O E 

c/a > ^ 



O 4^ 

o .2. 
o o 



^ ea ^ i i» 



c 2--.5Pb o c 9 — 



32 3 O 
^ o ^ 

"G o 



73 O 

U C3 

C3 ^ 

ZiS CO 



"3 

If 

C3 ^ 

o ^ 

O 00 

— CO 

.2?S 



8i 

£ 2 
I a 



o 
c 

O 

E 



3) 

-3 

O 

o 
c 

o 



o ^ 
o 



s ^ 

c o » 



I o 

« .i: 

CO J3 

to ^ 

^ o 



c 

C3 



-3 



CO 



00 



-3 

C 



C 

o 

CO o 

i| 

2 -3 



> 

a 

2 
o 



o 

-3 
« "3 

- go 

i . 

< S - 

< so 

S5 « 
c E 

»o2 s 



31 

3 C 



cu 

o 
o 



o o 
:3 O 



5 



0 .t: 

1 .2 

|2g 



< 

CO 



< 

o 
o 



o 
q 

ri 



< 

o 
q 

ri 



ERLC 




CO 



45 



39 



CO 

z 
o 
p 

CO 
UJ 

s 
3 

D 
O 

o 
o 

< 

a 

X 

o 
< 




8 § 

o 2 



— jr; -> 

v: 5 2 

2 S 



o 

3 
C 

c 

8 
> 

Ul 

O 



CO 
< 

s 

lij 

cc 



E °- 
8i 



O C 

c o 

§1 

^ c 

CO 



^ c 
o 

.5-3 
s ^ 

> H 

i - 

i2 2 



•s; e J3 

eft 



CO 
CO 

E i2 
^2 o 



-1 

O C3 



CO 

C 

-i — O O 



to 

u cs o 

E S 2. 

o £. 2 
CO o c 



.5 



o 
o 



5 c 



o 



a S = : • 

— (N ;i* C 
O ro :s 

53 CO 

9 ^ 

-J £> 



« o 



o 
c 

o 

*^ 
C 

o 

55 



.2 -S = « 

^ ^ 3 



C -5 

p o 



CO -) 

- 3 ® 

C ^ r^ 

1 "i- 

E -o ^ 2 
3 O o 5 

*X •= 
: -O -t; c 

^ 'a . c 

o 2 > S 
> 2 3 « o 



3 2 p 



Boo 



H 0.-0 o H 



CO 



c o - 

i) c 

a' s.^ 

£ E ^ 

•52 3 - 

-o "3 ^: 
2.3:= 



3> H 



P o 



.2:3 3 

•2 r^c: 
o S ^= 
CO > -a 



Sec 

I 81 

CO . O 
C 3 « 

— E o 

lis 

O.JS c 

« > 5^ 
-o > £J 

5 >> ex 
«^ « 

O 3 ^ 

•a -a ^ 



0: ,52 53 



CO ^ C> 
O C 2 ^ 

O ^ 



4 JD , 5 



o 3 

g- a 8 

Ul O 

If! 
Ill 



o 

Ul 

a 

Ul 

O 

o 



o 

u> 

o. 

o 
4 
i) 



CO ^ 

= E 



CO 



2 ^ 

c 2 

o E £ 

ii o js 



CO o • 

1 8 'o 

CO C 

o e «> 

O o S 

•g E * 



2 1 i 

,C ^ CO 
. CO O — 



CO 



CO 

CO 
LU 



Ul 

> 

p 
o 
liJ 

s 

o 



1) 



I 

ca 

I 



ERIC 



u O 



1 



-O \C 

ssii CO 

E. 

CO < i:. 



t> c 

C C3 

1 = 

C 60 . 



O in 

in 00 

r^' in 

CO (N 



00 



« is } o 



o ^ 8 



< 

00 



^ o 



8 



00 

4 



S 5 
^ E 

Ji 3 

CO 



= E 



S.g 



CO 

i> vn 

CO 



O. O 

< ^ 



C3 
C S5 

2 o 

> :s 
O "5 



c 



o 

I 

o 
•a 

CO 

o 
w 

8 

C 



^ 8 



o 

Ul 

CO 

C 



00 in 



2 1 



S 

00 



46 



^ CO 

o 

•5 

^ in 
t c in- 

=f IE 

^.i E. 
in Q i> 
fo CO 



o 
c 

o E£ 

.£2 > C 

o 

C3 



CO 



8 "S* 

o 



o 



52 CO 
E c 



3 O. 

I g O o 

o. S.g -5 

OjC eo 
-O O 

it > « > 

5> ^ ^ > 

-2: g| 3 



•i- O CO 

1 

o.^ _ 
2 E gi> 
-2 ? ^ 

C 60 -JJ O" 

cii . 

s 
< 

00 



^ to > 

> S 52 

> C!3 



O 
c 



i 6 = i 5 

g 5 - j= i S 

u 5 £i H :S = 

u ^ ^= ^ 

" = > = _^ J2 

r — H 

:3 ^ > C S 

5 5 SI 5 X 

c ^ c 

S ? 13 ^ 



< o 



> 



H 2 s 5 



3 



r; > 

2 2 

— c 
11 

C/5 ^ 



« H o 

- 1^1 

u.' »r 2 

5e 



3 5 



- ti 

— - o 



— U. ^ W C3 t> 



c 

'O c - - 

o 5 t> o 
"3 y 

115-° 



J> CO 

2 if 
« E . 

^ H o 

H -J = 

5 S': 



8 



3 
O 



O -r -.^ y g cs c .O - 2 3 



w IM > 

> o-a 

— 

o 3J 2 



3 

U 

> 
3 



UJ 




oc 




D 










OC 




lU 




Q. 


!^ 




OC 


UJ 


< 


H 


REM 



^ .5 £ 

S J 

P = .2 



oc 



^ 6 

r: y a 

i> — 5 



8 ^ 5 w 

5 5 = 



j2 
o 



5.5 

si ^ JZ 



C3 



c ^ 

o c 

Si ^ 

c 

to c: 



go 



O C 



5 B 

§.1 



2.5 

CO 3 

2,2 



^1 

3 -3 

11 
i« 
i! 

to 3 

|i 



iO 



2 5^ 

-3 O 



u 

3 O 

Bp 



8 



3 O 

00 « 

3 3 6« 

O ^ 00 

C -3 3 

O U O 

X u S 

O C3 > 



t o 

SI 

§1 

00 

y ° 

> o 

O J= 

•2 

io 

^ -2 ^ 



o 1 

W5 o E 
C 3 ^ 

K.2 
2 « 
^ E 



3 



IS 

O 3 
3 — 
C 00 

H « 

«z: 3 



3 • 

o o 

O <N 

00 



>»0 - — ■ «^ 



M 3 



3 o 

11, 

O ^ 

> c/5 

o 

-BE 

j:; e 



3 



3 O 



2 

— y O 

^ S- 

^ 5/5 
Jt E 

CO 



5= 5 
o 



1> 



I! 



3 *- 

3 



o 

3 

•> ^ W 

r 65 



O 
N 

> 

o 
3 



3 O 

3 & 

o o 

E 



2. t% 

1 

O C3 



O 3 
C3 



«>rf 3 



3 3 

^ > 

ui 

S 
< 

CO 



o 



00 



c/) 
O 

o 
c 



3 



3 
O 



I'? 

■is 



o 

- 1 

3 



w 2 S> c 



t 
\ 



5 



£7 

. ed 3 

a: i: 



3 

U- 3 



« o 2 £ 



I 1 



O 

o { 

3 3 

£ -a 



? .s 
I- » 

E 

^- 

c/5 

3 -o 

ii i> 
-2 

^ 3 

2 o 

O 3 



3 
O 



E S. 



60 



< 

00 



O ■ 

ERIC 



47 



CO 

z 

O 

K 
CO 

ui 
O 
O 
D 
CO 

S 
D 

3 
O 

E 

O 

Q 
Z 
< 

o 
z 

< 

LU 



w o 



t3 



JO »S2 



w O i> w 
C3 -O 



O =3 

JO c/: 

O 

i:: 



c 
o 

*0 



c o 

•a CO C 

V5 O r: 



3« 

n ° 

^ — 

2 .2 

O 3 



?5 O 

XL 

^ > 

3 :3 



c o 

a - o 

C o 

JO o 
X 2 



o -o 



2 



C ^ t> 

S t: 

3. 1 J 

O u. S 

« s I 
lis. 

— C =3 



^ S/6 

£ 8 . 



c 

3 :5 
a c 

1 1 

i-i 



£ E 



O 1 
A S 

I s 

SI 

§ ' 
1 ^ 

^ i 

w O 

w C O 

o o o 
• - -o 

k. 3 &0 
Owe 

a ^. •= 
300^ 



> — 

eg w.( 



3 



_ a C5 

S5 2 



. § ^ 
' -o o 
. — %> 

'"^ 
« c 

.2 " s 

■11 

w » CO 

S 53 o 

5 o 2 



S 5 

4^ ^ 



12 g 

CD k.< 

II 

c c 
— o 



o o 

= 8 

> a. 

C3 ■ 



3 . -2 ^ 

M ■ 

" » § 
C 3 

£-12 o 
_ 8 CO c> 

£3 



I? 
Si 

w CO 

O 

Cli CO 

>>! 

"5 o 



5 p 2 
2 •£ .2 

o uT 

£-0 



CO 3 



3 .2 

.2 w ^ 

,< O O 

« s 

Coo 
o >> 

o s 

o i « 



2 " 

3 J 

CO w 

li 
.11 

^ > 

g c 
o 

QO a 



CO 

a 



C5 

CO 

O 



a ^ o 



CO 

cc 
< 

LU 

GC 



c 



o 

3 
«^ 

00 



o CO 



o 

00 

c 
O 



c 
o 

^ -J 

«o «s 
C 

t ^ 

° 

Cv> V5 
— C3 

d C ^ 

^.2 o 

C C CO 

- s = 



>> t: 

w O 

o c 



5 



o 

CO 

c 



c 

o '2 
2 o 

C CO, 



3 1 

a > 

^5 a o 



- c 

cr: a 
;> -= o 

CO 2 u 

o o 2 
J2 o 
•c 

>^ 

3 5 

cr ^ 
k. a 

«^ 

o 



CO 

c 

c— 'C 

O a 
^ J c 

"2 k- •^s -tj 
P ^ o c6 a 

c ' 



c 
o 
•a 
3 

V3 

6 i> 



E 



c c 
o a 



CO 



•o 2 
5 S 

a a 



o ^ 
a w c< 



c 

3 

CO 

O 



o 2 w 



^ 2cG 



c 

8 

k. 

c 

i2 



a 

E I 

2 i 

a 

2 « 
a ^ 

3 O 

CO CO 



o 2'§'^ ° 

^ P a c 



a £ 

o c 

o « 

E .5 

> ^ 2 « c c -o 
w o •3. k- 

C ^ CO *»\ ^ ^ 

> ^ 

> a 
o J= 
C 

^ o 

o ^ 

c c 

•a a 



D. C « c- 



3 E'£ 5 

H-S o « ? 



u 

Si o 

CO E 



2 

1 ° 

CO 10 

o ^' 

c -c 

2 o 

5 g 



S 8 

•O Ci c 

o 3 C 

2 JD ^ 

O -5 CO 



o 5 

^ C»i« 

'5 ^ ^ 
s>- CO s 



C 

o 



a 



2 

o c 

2 -o .2 

r- c -ti 

H a c 



is 

w> 2 

O O 



CO 

D 
CO 

ui 
CC 



LU 
> 

o 

LU 

2 



ERIC 



O 

^5 



CM 







ss, the 


nglcs, 


stctl. 


ingle? 






a 












•c 


3 








a 


cr 




CO 




"co 


CO 


2 


a 

.S3 


S. 




CO 




CO 








3 




a 




MS 




rio 


cir 


CO 

0 

•a 


w 

CO 


u 








c 


tri 






1 


a 


J= 


u 








0 


0 


E 




CO 




2 


IS 


0 
•» 


0 


1> 

3 


!2 


•0 






i 

NO 


icti 


'5 


c 
a 


ui 




00 


a 


k* 


CO 






CO 






Urn 


cu 


Idcn 


Item 


Give 


learn 


a 
3 

ST 


SAM 






48 



CO 

z 
O 

H 
CO 
UJ 

a 
a 

CO 



5:^ S 

- §-5 



o 

E 
cc 

O 

Q 
Z 
< 

a 

o 
< 

UJ 



Q id C O 



so 



o 

11 

3" i^ 



2 o 

I; ^ 

i^ 2 

w ^ 

i^ ^ 






^ = o 



.= o 



=5 H 



•O v~ - c = w 

= 3 *Z O O - 

il ^ ^ o "•^ r< ^ 

o x: = J ;^ = 

^ r y- - ^ o 



rz, O 
t> — 

^ SO 

o .E 

5s n 



1) S 3 

c: 

?3 t-> 



*" S > 3 

i: H '-^ ii 5 



^ ^ .r. 



3" 



■5 i> i^ 
- 

5 3 V5 

si § 

fear 



> .o 



1) 



O 



3 v: 



" ^ t) 

S ^ o r 



£ ■= 'I ^ 



o 



5^ - 5 5^ 

^ X5 :S 



o 

IE 50 

u ,£ 



coo 



II 

> -3 



:= o 

3 SO 

E "H 

^ c 



o 

-3 

o := 



sp2 



1511 
S 



^ .ii ^ 



a. 



S 
c 

o 



X 

'-DC 

V5 r3 

« 2 E 
1^ a. 



.2 o 

_C ^ w 

2 O := 

ill 

un 3 _ 

3 ^ _t2 .2 



1) 
> 
O 



8 := 



- 3 .2 



5 2 
■£b o 

C2 



-J O O CO 

- ^ ^ -r o 

o^E E o 1 

t> tfl 6/3 V? 



SO i^ 
£i S 



i^ > c 
o H ° 



U C3 

• c c 
-J -J 

i^ "ii £ 



O . 

s ^ 

t> 3 
O. O 

° 3 
3 

I- -a 

o -J 

•2I 

E E 



CO 

< 

UJ 

cc 



^ ^2 u ^ ^ 



O 3 



>v 5 

i S 
?J 8 

.2 ^ 

O Q O 

^ O On 

^ r\ rs 



_C SO 
3» 3 

* 3 O 
3 *" 

w .2 ? 

o 



5 2 



1-1 

^ 3 
3 

■3 o 



-2 £ ^ - > 



o 

?3 S 



^0:3 
O ^ ^ 



-J CO ^ 



00 . 
3 

I- C 
o 

1) ^ 
- gg 

I- 3 > 

O CO 
^ CO 

CO "3 



3 



CO 5 

g2 




3 Si o 3 c ^ siJ 
1. F^-^ .2 d E^c 



> 



3 

3- B 



C3 

'J O 
O ^ C> 

F £ 



^ « o 

3 "O U ^ -3 

SO c B ^ 

c o 3 "o — 

o c> 3 r- o i: 




o 



•a 
3 



E 
3 



3 

C3 



O 
3 

z ^ 

O 

CO 

•a 



9 I- 
3 O 

•a : 
^ £ 



0^ 



"Ss '£ 

CO ^ 
O ^' w 

E £> 8 

^ It: 

so 3 
ceo 

■E S ^ 
o g, >. 

w 

*D^»n 3 

1°^ 



o 3 



c> j^^£ — 

'3-3 c/5 '3 



3 o 

CO 

C3 CO 
3 
O 

.CO CO 



vo C 

^ 8 



3 .3 CO 
3 CO 
SO _ O 

o -5 — 

U ;^ CO 
O 

CO - 

2 o S 
« E g 

V5 « ^ 

2 §-.3 
2 «c 

^ 53 ,3 



>; 00 CO 

> ^ 

> JL CO 



:3 
3 

3 



E^ 



^ ^ 3 



q A.S2 .S2 
o -as 



so ^ 
• *-» 

C ' ^ 

c u 
E E 
o o 



o 
•a 



I vo 



3 

1 

CO »- 



CO 

CO 
UJ 

cc 



UJ 

> 

I 

2 

o 



ERIC 



3 

^ O 

woo 

Urn 

— o 

i 3 
U O 

. "3 2 E 
< i: 



o 

! 

vo 



so d o 

3 :^ C 

o n ^ 



3 



B 
3 



» 3 

CO O O 

'J .0 P 



CO 



3 -o 
o ^ 

o 

o 



□ 



is 



00 



3 

CO 

1) 



O u. 



3 

cr. 



^ 00 



3 
CO 

%^ ^ 
^ o 

< = 



O 



NO 
O 00 

00 



so 3 

1 .2 u. 

— n ° 

§1 



.3 C ^ 



73 E 

•w 

3 O 

O C3 

E ^ 

O 

C3 CO 

« O 

3 ■ - 

U ■■5 

6 "S 



.£ ^ 
3 



.3 M 

S £ 
3 « 
o 

C 

t2 



0 ' 

E = 
3 

3 UJ 

SX) ^ 

3 CU 

1 5 

E 00 



vo § 
3 



C3 

^ II 

I 00 vo 

< - ~ 

. Cm E 

— 30 
^ CO 



£3^- o S 

O b« C3 

^ 3 P* 3 

3 C3 Cu C 

3 o 

3 ^ O .£ 

« ir :3 «- o 
> o ,, 

c n E ° 



8- 

C3 



^□A II V 

or- < cQ- ^ 



o 

CO J2 



o 

Si 



•gD;r 
S 1 1 

ui 
< 

CO 



CO 

■r 

E 
S 



CO 

z 
o 

a 
e? 

D 
CO 

S 
D 
«J 
D 
O 

E 

o 
z 
< 

z 

I 
o 
< 

Ui 



g 

« .a 



|: 

o a 

S3 ^ 



= .2 ^ 



D 

> y 



O S 5/5 

^ o 3 

so JD g 

c 3 y 

£ ^ o - 

o o 



E - 



•p I 

_ _ c 



£ 1 



CO 



.S2 



0 = 2 

1 I - 

c a o 

o 3 ^ 

^ o. c 

.J o 

t: JD a 



00 ^ . o 
> o o 

^ Ui CO 



CO • • 

•5 8 .E 

u ^ ^ 

o o "i 
o o -n- 

^•^ 

60 C3 



« o o 



J2 o ? 

- i y S 



o r o 

C3 i2 o 

CO 

3 «• 



CO 

3 

CO 
Ui 

> 

_ CO 

2 P o 

r* CO JD 

JD ?3 



o J3 b 

2 S S2 

i 

c o S 

3 ^ « 
-p ^ 

« ^ . 

c = y 

« o 2 



44 



o 
o 

C 



£ <N 



o 

til t> ^ 
2 JD 

^ S 2 

c = c 

0 -o O 

^ 513 

c > 

1 i2 3 



x: 



"S 



CO 

C _ 

I - *^ 

u 



C3. 

u 

O 

8 



00 
CO 



o 

3 



C 

8 

Z 

*I 
a. 
< 

a 

o 
z 
< 

CD 
UJ 



CO 
< 

Z 



o 



CO 




a 



C Cs CO 

^ O > 

O 00 £i 

o c ^ 

^ c^ 3 

o 5 ^ 

^ U (O 

- t3 - 



c 

CO 

o 
o 



o 
c 
o 

CO 

o 
x: 



c 
O 



C3 

x: 



6> 



□ 



3 

GO 

C c ^ 

O "r; CO 

s « 

« O X 
o u ^ 

£ S=>^ 

Co 
« O J= 

5 w 

3 0-^ 

u x: c 

5r x: 13 
^ W 

^ £1 
- II o 

CO 

O — 
E O 




CO 



CO 



-J 

D 

CO 
UJ 
QC 



111 
> 



ERIC 



00 


O 
u 


u 










one ( 
tc th 

Ll 1 
















c 










O 


c a 








with 


volvi 

pom 




□ 




c s 




II 

X 


Irade 


c * 

o 


c 'i 

O u 






C O 


= 1 




VO 




lete E 
46-5 






1 


S x: 


8 


ui 


< 




c ^ 


c 
&> 






B E 


^ o 


S 






^ u C 


< 

CO 




51 



1: 



(/) 

2 
O 

P 

(/) 

UJ 

a 
o 

D 

D 

D 
O 

2 

D 

o 

o 
z 
< 

a 

2 

I 
O 
< 
Ul 
H 



< 
Ul 

cc 



E i> 

2 ^ 

^ S 

c o 

2 :SG 

O O 



^ i 
1 5 



8 



S .2 



O ^ 
O 00 



.f g 

^ 9 

C3 H 



c ' 

>> U 

2 t 
81- 

cXi a> 



CO 

O 

CO r-*' 

X) w 

o feb 

O C3 

> s 



o ^ 
^ o 

C3 

C 

.2 8 
•5 ^ 



> v> 

? § 

o a> u 

"7? Ul "i; 



5 ^ 



J:? O O 

c > 

a> d> 4^ 



CO 

C 
O 



) 




ay 

Ul 



Ulj 
> 

P 
O 
UJ 

2 
o 



ERIC 




52 



.s 

i4 
o 

a 

1 o g'(N 

• A ^ s 

hJ CO 




IV « 

\ 

_ CONCLUDING REMARKS" 

The test results show seme major areas* of strength' in 
childrens' knowledge at the end of Grades -S and 6. These 
. major areas of strength are -In pre-number c'oncepts (class!-*- 
fication), addition and multiplication concepts for whole 
numbers, addition and multiplication 'computation for'. whole 
numbers, and algebraic id^as such as rplacehold^s in number 
sentences . . •' . \ 

Major areas of weakness are numeration for whol^ nunibers ^^d 
decimals, subtraction and division of whole "nunibers , measure- 
ment, fraction concepts, computation with fractions and » • 
decimal^, ajid geometry. 

Throughout the content areas are weaknesses with vocabulary, 
interpreting diagrams, and orde^jing objects -and numbers. 

Ea*ri area of perceived weakness is discussed briefly sjl 
suggestions by the writers on possible causes ^d possible 
renjedies are given. The reader is warned that the following 
ar^ interpretive comments by the writers. 

< 

1. TECHNICAL VOCABULARY AND SYMBOIS " « 

# 

Every subject area has technical vocabulary which must be 
learned in order to communicatee ideas to other people. Often 
this vocabulary. is also essential in learning new concepts^ 
While; it is easy .to build a list of mathematical words which 
is excessive evel>\for the most able students, the vocabulary 
used in this test dbes seem minimal. 
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.•-Analysis , of test results shows that the 'following simple words,- 
phrases^ and symbols cause trouble for many students: 

Same size * AM 
'Same shapes ^ ; 

Order from full to empty > , . . , 

Fev;er and fewest < • * 

Just before Shaded'' (in connection with 
Just after fraction diagrams) - ' 



p/r 

Int 

Congruent Rectangle 



Even numbers ' 'P/rallei and perpendicular 

Twice 'as many . . ' Intersecting 



Plane 

There were no adequate test items on other essential mathe-- \ 
matics vocabulary such as addend ^ sum , factor, product , and 
quotient , Other test data suggest that th^-se words^ are not 
familiar to many students. Eliminating words which are only 
moderately necessary and giving more stress to the essential 
words is a positive direction for the curriculum,, 

•Vocabulary must be taught. VocabuLary is not learned inci- 
dentially. It nee.ds direct attention in classrooms, , 
frequent maintenance, and frequent usage by both teachers 
and pupils. Vocabulary should not be taught in an isolated 
fashion, but with the conepts for which the words are names. 

Errors occurred often with words and symbols whicb are . - 
antonyms. Pupils^ mstde reversal errors on opposites such 
as "Before-After", "Greatest-Least", "< and >", "AM and PM",. 
and "Full and Empty". When opposites are being taught, it 
is probably best to teach one of the words until it is 
learned well by most pupils. Then teach the opp.osite. For 
example, teach "Greatest" and get it established well 
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before teaching "L*east". Similarly, teach ">". well before. 

introducing . ' * * • ' ' . 

. ^ ■ ' » , .! • 

Mathematical sjinbolism, contrary to English language \ 
expression^ is not redundant. -Each symbol bust be. perce^ived^ 
its 'meaning recrognized and ^thought about. There is sub- 
stantial evidence that many^ children do not discriminate 
"etween symbols^ nor do they read them carefully. For . ^ 
example, the symbol "x" was oXten interpreted as and 
ccnversely. Such discrimination and recognition is usually so 
obvious to adults that we often forget. that we must h^lp children 
^.earn to do it. Mathematical symbols must be r^d carefully. 



MAKING AND USING DIAGRAMS 



. Difficulties were apparent in interpreting diagra^^ tqr 
'subtraction:!, for fractions, for decimal^, for area, and 
for.voliime. Since interpreting and drawing diagrams are 
essential skills in -other , subjects as well as mathematics, 
-special attention 'should be 'given to them, ^ * \ 

Diagram^ usually resulT fro::^ "vT^r^k >rl4:h objects^ ^Di^ggsas; 

Uecor.e a ;<ay to represer^.t tnought in a conpajct, effii^'ient nv^-f^^ 

examples, a' child may use a strip of cardboard with tO blocks 

on it for ten. With only a little help,' the child can draw " 

a picture -of the strip, such as I | to' represent ten and« 

Lj to show Just one. The diagram drawn b^r the child 

helps him represent his thought in a compact -and visual way. 

Sitfiilarly, a chil0 can bui3,d ideas folding pieces of paper 

to show fractions and then draw diagrams to $how the piece . ' 

of pamper and the parts of ^that paper. 

• *^ • 

The use of diagrams ' at all leV^l's is to be encouraged'. 
Recognition and interpreting diagrams should be accompanied ' 
•by explicit •help in reproducing and drawing anagrams. 
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3-. ORDER AND SB^UENCE ■ • ^ 

It is difficult to imow if. tr0ubl4 .with ^Orrdei-^and sequence 
is >caused by 'erroneous concepts-'or "dy inadeqi^ate vocabulary. 
Probably both are somewhat , responsible. It is evident^ 
whatever the cause, that pupils do not do well on ordering 
tasics. ^ 

» 

Ordering of two-digit ai^d three-digit- numbers jnay reflect 
inadequate developmental work, on base and place value. 
Other difficulties are caused by words such as "just before", 
''iusi^ after", and "between". Concrete objects or diagrams 
for tens and hundreds arranged "in order" should be related ' 
to the needed vocabul^'ry usirig a variety of words. 



^. NU:.SR.ATIOK 
0 

The most important topic in elementary school* mathematics is 

ntimeration . Much of the daily use of mathematics involves - 

understanding cf^umbers expressed in place \'^ilue notation", 

/li algorithms for whole timbers bave noH&ration as'a "ore- " 



xn Vxew of the importance of numeration, performance on the 
te^t items, clearly is not acceptableV Teaching* suggestions 
were gi^en on pages 9-3^. Other courses of actfon auch . 
as the -foll^owing should be .considered: 

•. . " . ■ t - ' 

^ , a. Allot- more time in the curribxilum 'at each level 
• • to teaching numeration. 

b. Make greater use. -of physical objects in making 
tens and hundreds. 

c. Teach students to draw diagra.ms for tens, hundreds, 
and thousands.- • « 

, d.*^ Place greater attention on relating object or" 
diagrams to the worqi names arid symbols such as * 
"eighty-one" and "8l". , 



^ ^ e. Begin*"concrete objects and diagrams for "tenths" 
and "hundredths" earlier, perhaps ages 8 or 9^ 
for subsequent use with coney and the metric system 

f. -Teach- the word names,- e.g. 3 tens •? ones as well 
as expanded notation 30+7. 

In view of the importance of numeration, the writers feel 
t.hat the topic was not adequ^ately tested. Major^ideas 
were not assessed. Consideration should be given also to 
revision of the objectives themselves to plac^ more stress 
oh drawing and using diagrams for numeration ideas. 

5. SUBTRACTION OF WHOLE liUI-BERS 

• 

The performance on subtraction items suggests the need for a 
better analysis of the algorithm, more attention to the con- 
cept of subtrac+^ion, and more stress- of the application of 
subtraction to "How many moire?" situations. It seems clear 
to the writers that subtraction without renaming should be 
mastered by post pupils before proceeding to subtraction 
•with "renaming. Of major importance is a more careful 
analysis of all the steps in the subtraction algorithm. 
(See pages IS and IJ for suggestions.) » 

* * 

6. DnriSICN OF WHOLE IJul^BERS 

Sugg^tions are given on pages. 23-2^ for iniproving 
division! • The beginning algorithm with 1-digit divisibn 
should be mastered before moving on to more'^cnnplicated 
problems. Furthermore^ care is needed in analyzing and 
teaching each the main steps in division. 

The writers raise a serious question about; stressing repeated 
subtraction in doing division. The \vriter think that 



greater e.T.phasis or. relating multiplication and division 
.r.ay be more productive. 
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vr-ile not tested as directly a*3 possible, it seems clear 
mat there is a rr.ajjor inadequacy in quantitative thinking 
• ^ v;itn fractions. Many pupils are operating on the symbols 
ratner than thinl^iing about a Quantity or an amount of 
• sc-etning. ^.rrors such as ^ .-r ^ = g show such sjnnbolic 
v;ork 'without the quantitative ideas. 

Tne major recommendation of the writers' is that substan- 
tially more time, emphasis and experience be provided for 
tne quantitative ideas related to fractions. By quanti- 
tative ideas is meant ideas of "how much, what part of, 
etc., always stressing' that the answer be given in relation to 
the iinit chosen.- This would mean more time infusing objects 
such as sheets of paper as^ units, more time in making and 
interpreting diagrams, and firmly relating fraction ideas to 
fraction symbols prior to algorithmic work. Little improvement _ 
can be e.xpected on the algorithms 'until the initial idea 
of fractions is understood well by pupils. 

S; Ca.^PUTATION WITH FRACTIONS 

Test items on computation with fractions did not reflect 

content usually found in the curriculum auch as addition 

and subtraction with unlike . fractions, multiplication 

with fractions (test used only unit fractions) or division 

with fractions. The content on operations in the test is minimal, 

indeed. Yet perforlnance was low. ' Improvement can probably 
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only be made by first improving -the initial wc:^k with the 
meaning cf fractions. Then there must be very careful 
development of the algorithms, making stk-re they are related * 
meaningfully ana firmly to the initial ideas. 

LT.provement in computation will not come simply by providing 
more practice. Time would be better spent thinJcing about 
axid working on improving the development -of the algorithm in 
a meaningful way. Extensive use of concrete objects and 
diagrams tc stress quantitative thinking seem essential; - 
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9. yiSA-XING C? D3:31ALS 

'The meaning pf decimals v;^& not assessed adequately because 
cf the distractors for the items ,and the test questions 
themselves. Poor performance on "computation items such 
as .3 ^ .24- suggests strongly that , the meaning of decimals 
is not even close to minimal expectations, 

'The meaning of decimals should be developed from numeration 
idfeas - moving to the right of the ones place and from 
fractions wi^h denominators of. 10 or 100 or 1000. The use 
of concrete materials such as a 100 square can help build 

''the quantitative notions needed for decimals. 

The meaning, symbols, and word names for decimals probably 
should be intro"duced earlier. With the chahge "to the metric 
system, decimals will be needed earlier. It is feasible 
to introduce "tenths" at age 8 or 9 with "hundredths" 
presented after mastery of '-tenths". 
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i:. OPERATIONS WITH DSCE^IALS 

Compuua tiers with decimals musz be firmly rooted in the under- 
standing of their r.eaning* Done properlypthe operations 
can reinforce place value J;i€§T for'^^fkQl^ numbers. 
Conversely^ understandir<g of place value for whole numbers 
and of the algorithm: for^A^hole numbers can 4velp in learning 
operations with deciir.als. ^ 

It should 'be, noted- tnat multiplication and division with 
decimals - usually taugnt before grade 7 - were not 
tested. 

11. MEASTREMENT ' • * . 

Next to num.b.er itself^ measurement is probably the most 
useful part of elementary school miath^atics* Test results 
indicate thst this vital topic is a victim^ of poor instructic 
and that not enough time is devoted to it. , 

In linear^ area^ and volume measurement the fundamental 
and per^/asive idea of-uni^ is "not learned v;ell. Initial 
work, using non-standard units such as "toothpic.ks"^ "straws"^ 
''cards"^ or **block.s" should help build the idea of unit.' 

From an un(?erstanding of repeating "length units" such as 
'"toothpicks'' or "straws"^ a number line or ruler scale 
can be developed (see suggestions on pages 9 and 35). This 
understajiding can help^ improve poor performance with both 
rulers and number lines^ ' Deeper .understanding of*the way 
scales and number lines are made seems essential to any 
major improvement in measurement skills. 

Explicit attention is needed on reading scales of various 
kinds — rulers, weighing scales, thermometers — with 



special instruction on wha* the various nar^s on scales 
represent. Instruction on scales and their* maricings should 
be accompanied* by extensive experience handling, and using 
a* variety of measuring instruments. 

t 

12. 3SCM2TRY 

me overall poor performance on geometry items reflects 
tne lacr: of attention the ideas receive in the curriculum 
and inadequate foc'us on the 'relatively minLmum. vocabulary 
needed. ^ ^ 

* 

^GeoTietric ideas and vocabulary are needed in everyday 
affairs. Often they are easier than those related to 
nuiTiber and coiTiputat^on. And many times geometry can 
help develop nuipber ideas. The writers are of ".the strong 
opinion that tLme must be proviaed for geoi^^^ry^at each 
l.evel of school . • t/ 

Graphical work showed low performance/but could be improved 
substantially just by teaching the orider of numbers in a 
pair for locating a given point.. Grabhing is so useful in 
other subject areas, especially scienc\ .and social studies, 
that its inclusion in the curricul'om should be' assured'. 

There are usually many reasons for poor performance on the, 
mathematics tests,— instructional materials, home back- 
ground, motivation, etc. Teachers, together with administra 
and other curriculum leaders, need to discuss what needs 
emphasis inra local school. There should.^ a comir.itmerit 
to establish priorities for the mathematics "program. This 
requires that the local staff have time to sit together to 
analyze and interpret their local results. 



Individual teachers will want to assess the emphasis given 
certain topics at the level he or she\reaches. Diagnosis of 
strengths ana v;eaKnesses of nis or her pupils should become 
an integral part of lesson planning and curriculum building. 
Tne total staff of an elerientary school r:ay v;ish to meet and 
comr/onicate v;nat -eacn level contributes ::o the developr.ent 
of certain sriills and ccTiCepts. 

S:me of the observed wea.^nesses in berformance are tne 
result of inadequate instructional materials. Often these 
materials do not devote enough spaJB. to a topic; nor do 
tney provide enough developm.ental woric. Next to be 
examined as a possible cause for weaiiness is the extent 
concrete obJec^s and diagrams are used to develop and to 
prom.ote quantitative thinicing. There appears to be too 
m.uch stress^on the purely s;yTnbolic part of the topic when ^ 
it is introduced. 

The ,<ind and amount of attention given to language development 
in the m;athematics program needs examining. We have already 
mentior^ed the need for teaching the mathematics vocabulary. 
Tnlik:e som.e *ther subjects^ students do not have many 
opriortunitie^s 'to learn the required vocabulary in other 
situations. * ^ ' . . 

' ■ / 

Whatever- the separate o,r combined reasons for poor test . 
performance, the most ' critical inadequacy under the control 
of the ' school .is in the initial developmental work for the 
"major ideas. Overall improvement will be most obvious when 
^in^ial work is done in a better way. A sound beginning 
seems to the writers to be the most valuable assist any 
pupil can have. It is the thing most lik-ely to improve 
^he attainment of valuable learning objectives. 
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